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Cancer is one of the modern world’s most common and deadly non-infectious disease. 
According to WHO Cancer Report of 2015, it is one of leading causes of morbidity and mortality 
worldwide with 8.8 million deaths in 2015 and it is expected to rise about 70% over the next 20 
years. The non-selectivity and acute toxicity of many anticancer agents has prompted the search 
for new alternatives with improved tumour selectivity, efficiency and safety.  
Spirooxindole alkaloids are a family of natural products that have a spiro ring fusion at position 
3 of the oxindole core. Several natural products that possess this heterocyclic core, such as 
alstonisine, horsfiline, strychnofoline and spirotryprostatin A and are described as having 
interesting bioactivities. These scaffolds have been described with different biological activities, 
including in vitro anticancer activities in several cancer cell lines.  
In this thesis, we report the development of a novel library of spirooxadiazoline oxindoles 
derivatives with an [1,3,4]-oxadiazole ring and evaluation of its anticancer and antimalarial 
activities. With this goal, twenty spirooxadiazoline oxindole compounds were synthesized by 
reaction of isatin derivatives and nitrile imines (formed in situ from the corresponding hydrazonyl 
chlorides), in moderate to high yields (42-90%).  
The anti-proliferation activity of this library was tested in two breast cancer cell lines, MCF-7 
and MDA-MB-231, at a concentration of 50 µM. In MCF-7, the p53 retains wild type 
conformation and in MDA-MB-231, the p53 protein has the mutation R280K. Five compounds 
showed to inhibit around 40-50% the cancer cells growth, at 50 µM concentration. Two of them 
showed to act in both tested cell lines, other two compounds showed to be more selective for 
MDA-MB-231 cell line and one showed to be selective for MCF-7 cell line. These five 
compounds show the importance of some substituents such as the meta-substituted phenyl ring in 
position 3’, the substitution in position 5 and the alkyl group in position 5’. 
Comparing the anti-proliferation activity of this library with its regioisomer, the [1,2,4]-
oxadiazole scaffold shows higher inhibition of cancer cells growth than the [1,3,4]-oxadiazole 
scaffold, for both cancer lines. This can be explained by the different position of the substituents 
in space that fill the binding site.  
It has been reported that some compounds, for example artemisinin, have both anticancer and 
antimalarial activity. For this reason, this family was also tested in Plasmodium falciparum 
strains, W2 and 3D7. Six compounds showed to be very potent for a chloroquine-resistant strain 
(W2), with IC50 values between 1.4 and 9.0 µM. In addition, two compounds showed to be potent 
for both chloroquine resistant and sensitive strains, W2 and 3D7, respectively. 
Overall, in this work it is reported for the first time the synthesis of a new family of 





reacting the hydrazonyl chlorides with isatin derivatives, reducing the number of reaction steps. 
The anti-proliferative activity is also reported for the first time in two breast cancer cell lines and, 
more importantly, the discovery that these small molecules represent useful compounds for the 
development of novel antimalarials. 
 






O cancro é a doença não infeciosa mais comum e mortal (a nível mundial). De acordo com o 
relatório de 2015 da Organização Mundial de Saúde, é uma das principais causas de mortalidade 
em todo o mundo, com cerca de 8.8 milhões de mortes em 2015, sendo expectável que aumente 
70% nos próximos 20 anos. A falta de seletividade e toxicidade de vários agentes anticancerígenos 
tem levado à pesquisa de novos agentes que tenham seletividade para células cancerígenas sem 
comprometer a sua eficácia e toxicidade.  
Os alcalóides spirooxindóis são uma família de produtos naturais que contêm um carbono 
spiro na posição 3 do oxindole. Vários produtos naturais têm esta estrutura heterocíclica, tais 
como a alstonisina, a horsfilina, a strichnofolina e a spirotriprostatina A. Os spirooxindóis têm 
sido descritos como tendo diferentes atividades biológicas, incluindo atividade anticancerígena 
sobre diversas linhas celulares.  
Durante o trabalho experimental desta tese, sintetizou-se uma biblioteca de vinte novos 
derivados de spirooxadiazolina oxindóis. Estes compostos foram posteriormente submetidos a 
ensaios de anti-proliferação em linhas celulares de cancro da mama, MCF-7 e MDA-MB-231, e 
a ensaios contra P. falciparum. Esta família de spirooxadiazolina oxindóis, com um núcleo de 
[1,3,4]-oxadiazolina, foi sintetizada a partir de derivados de isatina e nitrilo iminas (formadas in 
situ a partir dos cloretos de hidrazonilo correspondentes), com rendimentos moderados a elevados 
(42-90%). 
A atividade anti-proliferativa desta biblioteca foi avaliada em duas linhas celulares de cancro 
da mama, MCF-7 e MDA-MB-231, numa concentração de 50 µM. Na linha MCF-7, a p53 
mantém a conformação nativa e na linha MDA-MB-231, a p53 está mutada. Cinco compostos 
mostraram 40-50% de inibição do crescimento de células cancerígenas, a uma concentração de 
50 µM. Dois compostos mostraram atuar nas duas linhas celulares testadas, outros dois compostos 
mostraram seletividade para a linha celular MDA-MB-231 e um composto mostrou seletividade 
para a linha celular MCF-7. Estes compostos têm substituintes semelhantes, tais como, o anel 
aromático da posição 3’ substituído na posição meta, a substituição do anel indólico na posição 5 
e o grupo alquilo na posição 5’, o que leva a crer que são importantes para a interação com o alvo 
biológico.  
Comparando as atividades anti-proliferativas desta família com spirooxadiazolina oxindole 
com um núcleo de [1,2,4]-oxadiazolina (regioisómero), este último tem um maior taxa de inibição 
de crescimento de células cancerígenas. A maior diferença entre os regioisómeros é a posição dos 
substituintes no espaço que preenchem o sítio ativo. 
Têm sido descritos alguns compostos, como por exemplo a artemisina, que têm atividade 





testadas em estirpes de Plasmodium falciparum, W2 e 3D7. Seis compostos mostraram ser muito 
potentes para a estirpe resistente à cloroquina (W2), com valores de IC50 entre 1.4 e 9.0 µM. 
Adicionalmente, dois compostos mostraram ser potentes tanto para a estirpe resistente como para 
a estirpe sensível à cloroquina, W2 e 3D7, respetivamente, alargando o espetro de atividade da 
família. 
Em resumo, nesta tese é descrita pela primeira vez a síntese de uma nova família de 
spirooxadiazolina oxindóis, a sua atividade anti-proliferativa em duas linhas celulares de cancro 
da mama e, mais importante, a descoberta que estes compostos têm potencial para o 
desenvolvimento de novos agentes antimaláricos.  
 















































Chapter 1. Natural products: indoles and spirooxindoles 
Nature has been a valuable source of compounds to develop drugs.[1] The extracts of the plants 
represent a large family of chemical entities with several biological activities such as anticancer, 
antimalarial, antiviral and antipyretic 1-5. They are originated mostly from bacteria, fungi, plants 
and marine organisms.[2] 
According to WHO, in 1985, approximately 65% of the world population had plant-derived 
traditional medicine for their primary health care. Since the discovery of penicillin, in 1928, more 
than 23000 natural products have been characterized. Most of them are from bacterial source, 
mainly from the family Actinomycetaceae. After the discovery of streptomycin by the Selman 
Waksman group at Rutgers University, a lot of efforts in pharmaceutical companies and academic 
laboratories have been made for natural products (NPs) discovery. [3, 4] 
NPs have exceptional characteristics such as chemical diversity and significant number of 
stereospecific carbon centres. This last feature attracts synthetic chemists interested in developing 
routes for total synthesis.  
Until 2013, 1453 new chemical entities have been approved by FDA, which 40% are natural 
products or their derivatives. This number has risen 50% in the last 30 years, from which 74% are 
for anticancer applications. However, the anti-infective therapy is the area of highest use of NPs. 
For example, artemisinin (1) is a NP, widely used as an antimalarial drug and it is produced by 
the yeast Saccharomyces cerevisiae. Quinine (5) is another antimalarial drug, first isolated from 
the bark of Cinchona species and reported in 1820. The bark was used by indigenous groups from 
Amazon for the treatment of fevers (Fig. 1.1).[3, 5] 
 
Fig.  1.1 – Chemical structures of natural products with different biological targets (1-5). 
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Usually, the isolated NPs are not the drug to be used for treatment of a disease. However, they 
can be used as lead compounds for the development of analogues. Furthermore, NP are selective 
to bind biological targets, becoming privileged structures as templates for the synthesis of 
biologically active NP-based molecules.[4] Indoles and spirooxindoles are scaffolds often found 
in NP. Dragmacidin E, jasplakinolide, elacomine and alstonisine are examples of these 
scaffolds.[6, 7] 
1.1. Indole derivatives 
Indole based derivatives occur usually in natural products from plants, animals and marine 
sources. Tryptophan (6), for example, is an essential amino acid that is included in several 
biological processes. Serotonin (7) is a neurotransmitter and is derived from tryptophan. The 
indole core is known as a “privileged scaffold” in medicinal chemistry, because of its features 
and biological processes that are involved. Indole derivatives mimic the structure of peptides and 
are able to bind reversibly to enzymes.[2] Indoles have been reported to induce apoptosis in breast, 
squamous cell carcinoma, cholangiocarcinoma, colon, cervical, ovarian, pancreatic and prostate 
cancer cells.[8]  
Pentamethylmelamine (PMM) is attached to an indole-2,3-dione moiety 8. It entered in clinical 
trials in the 1970s for the treatment of ovarian carcinoma, but it was abandoned because of the 
lack of solubility in water. An indole derivative family 9 was patented in 2011 and it was reported 
for the treatment of several cancers (Fig. 1.2).[8] Dagmacidin D (10) has two indole groups 
bonded to a piperazine ring. It shows in vitro cytotoxicity with IC50 values of 15 µg/mL against 
P-388 cell lines (leukemia) and 1-10 µg/mL against A-549 (human lung), HCT-8 (human colon) 
and MDA-MB (human breast) cancer cell lines. The 1,1,3-tri(3-indolyl)cyclohexane (11) inhibits 
cancer cell growth in lung cancer cells, having positive pharmacologic properties. However, it 
triggers DNA damage and leads to the production of reactive oxygen species.[9] 





Fig.  1.2 – Natural products and drugs with indole-derivative scaffolds 6-11. 
The indole scaffold is also known for its antiparasitic activity. For example, usambarensine 
(12) and usambarine (13) are indole alkaloids, which are isolated from Entamoeba histolytica. 
These natural products have antiplasmodial activity with IC50 values of 0.023 and 0.13 µM. A 
derivative from usambarine, dihydrousambarensine (14), was tested against multidrug-resistant 
P. falciparum strain, K1, showing to be 5 times more potent than chloroquine, the most used drug 
against this strain (Fig. 1.3). However, this last one showed to be inactive in vivo in mice affected 
with P. berghei chloroquine-sensitive strain. This means that dihydrousambarensine is selective 
to chloroquine-resistant strain.[10] 
 
Fig.  1.3 – Indole derivatives with antiplasmodial activity. 
Overall, among all natural products, indole alkaloids family is a very privileged scaffold, 
having very interesting anticancer and antimalarial activities.[10] 
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1.1.1. Spirooxindole natural products 
Based on tryptamine, spirooxindole alkaloids 15-19 belong to a family that was first isolated 
from plants of the Paocynaceae and Rubiaceae. The main feature of this family is the spiro carbon 
in the position 3 of the oxindole core which gives several degrees of substitution around both 
rings linked to the spiro carbon. This carbon possesses a tetrahedral geometry, so the two rings 
can be almost perpendicular to each other, which gives unique conformational characteristics 
(Fig. 1.4).[11]  
 
Fig.  1.4 – Spirooxindole natural products 15-19.  
Several new drugs with different biological targets have been synthesized taking spirooxindole 
natural products as lead compounds (Fig. 1.5).  
 
Fig.  1.5 – Drugs inspired in spirooxindole natural products.  




1.2. Previous work in our research group and scope of the thesis 
In our research group, we have been studying new indole-based scaffolds to reactivate p53 
function. Different analogues of pyrrolidinyl-spirooxindole natural product, containing other 5-
membered rings were developed. 
The first family developed was the spiroisoxazoline oxindoles 23. Eighteen new 
spiroisoxazoline oxindole were synthesized by reaction of hydroximoyl chlorides and 3-
methyleneindoline-2,3-diones. This synthesis requires several steps, including the preparation of 
the dipolarophile. This family was tested in colon cancer cell lines, HCT116 and SW620. From 
them, one compound showed to have a GI50 value of 26.56 µM in HCT116 p53
(+/+). They showed 
that any substituent in the aromatic rings increased the potency and the chlorine in the 6th position 
of the indole is important for the interaction with MDM2, corroborating with the co-crystal 
structure that was previously published. Furthermore, this atom occupies an unoccupied small 
pocket by indole and mimics the side chain of Trp23 of p53.[12] 
Further optimization of spiroisoxazoline oxindoles led to the spiropyrazoline oxindole scaffold 
24 by changing the isoxazoline oxygen to a N-phenyl group, resulting in an extra substituent. This 
family showed a high anti-proliferative activity in breast cancer cell lines, MCF-7 and MDA-MB-
231, with GI50 values around 7.0 µM for MCF-7, showing greater selectivity for this cell line. The 
use of bromine atom in this scaffold showed to increase the potency as anticancer agent. 
Spiropyrazoline oxindole 24b was also tested in human colon cancer cell line HCT116 to 
determine the DNA cell content. The experiment showed that most of cells were accumulated in 
G1 phase after 24h. Spiropyrazoline oxindoles showed to induce apoptosis.[13-15] 
Taking in considerations that position 5 and 6 of the oxindole ring increase anticancer potency, 
new optimizations led to the spirooxadiazoline oxindoles 25. Sixteen new spirooxadiazoline 
oxindoles with an [1,2,4]-oxadiazole ring were synthesized by reacting 3-imino-indolin-2-ones 
with nitrile oxides. In this family, the different positions of the halogens used as substituents were 
tested, including the 5th and the 6th positions of the oxindole and the orto, meta and para positions 
of the aromatic rings. This family was tested in human colon cancer cell lines, HCT116 and 
SW620. The most active compounds have both aromatic rings substituted in meta and para 
positions, with 8.5-fold and 4.3-fold increase in potency when compared to the non-halogens 
substituents. Spirooxadiazoline oxindole 25b showed to inhibit p53-MDM2 interaction in the 
same extent as nutlin-3 at 10 and 20 µM. This same derivative also showed to be responsible for 
the accumulation of cancer cells in the cell cycle G1 phase.[16]  
The family of spirooxadiazoline oxindoles 26 is a regioisomer of the family of 
spirooxadiazoline oxindoles 25. The biggest difference between both families is the position of 
the heteroatoms in the oxadiazole ring, resulting in spatial orientation of the substituents. Damla 
Uyar, in her Master thesis, synthetized a small library of twelve spirooxadiazoline oxindoles 26 
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and tested its anti-proliferative activity in human colon cancer cell lines. Spirooxadiazoline 
oxindoles 26b showed to have more selectivity for SW620 cancer cell line, which has p53 with 
R273H mutation (Fig. 1.6).[17, 18]  
 
 Fig.  1.6 – Optimization of spirooxindole scaffold by our research group. 
In this thesis, the main goal was the development of a new library of spirooxadiazoline 
oxindoles with a [1,3,4]-oxadiazole ring, instead of an [1,2,4]-oxadiazole core to be tested in 
human breast adenocarcinoma cell lines, MCF-7 and MDA-MB-231, and P. falciparum 
chloroquine-resistant and sensitive strains (Fig. 1.7). 





















































Chapter 2. Synthesis of spirooxadiazoline oxindoles 
2.1. Introduction 
The anticancer activity of the previous chemical families synthetized by our group has 
increased the interest in developing new spirooxindoles with five-membered ring.[12, 13, 16] As 
previously reported, the spirooxadiazoline oxindole family with an [1,2,4]-oxadiazole core has 
shown promising results in colon cancer cell lines, HCT116 and SW620 with wt p53 and mut p53, 
respectively.[16] Besides anticancer activity, oxadiazole and oxindole derivatives were described 
to have biological activity against therapeutically targets involved in other diseases.[19-22] For 
these reasons, joining these two scaffolds can lead to compounds with very interesting biological 
activities.  
Based on all the results obtained by our research group, it was synthesized a library of twenty 
new spirooxadiazolines oxindoles with [1,3,4]-oxadiazole core.[12, 13, 15, 16, 23] The 
compounds were synthesized by 1,3-dipolar cycloaddition of isatin derivatives and nitrile imines 
(formed in situ from the corresponding hydrazonyl chlorides) derivatives, according to the 
Scheme 2.1.  
The biggest advantage of these synthetic route is the commercial availability of the starting 
materials. The hydrazones 30, that are chlorinated to afford the hydrazonyl chlorides 29, are 
obtained by the reaction of aldehyde 31 and hydrazine 32 derivatives, which are commercially 
available. Several isatin derivatives 27 are also available, which can reduce several synthetic steps 
for the preparation of the dipolarophiles. In this library of spirooxadiazoline oxindoles 26, only 
electron donating groups were tested. Besides, the substituents were tested in several positions: 
5th, 6th and 7th positions of the oxindole ring, meta and para-substituted phenyl ring and alkyl 
group as R2 and meta and para substitution as R3.  
The anti-proliferative assays in human breast adenocarcinoma cell lines and a screening in P. 
falciparum chloroquine-resistant and sensitive strains were later performed. 
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Scheme 2.1 – Retrosynthetic route to obtain spirooxadiazoline oxindoles derivatives, highlighting the 
commercial available compounds. 
Hydrazones were synthetized by condensing aldehyde 31 and hydrazine 32 derivatives in 
EtOH 20% for approximately 3 h (Table 2.1). This reaction involves the nucleophilic attack of 
the lone pair of electrons from the terminal nitrogen atom of the hydrazine to the carbonyl carbon 
of aldehyde with elimination of water. The precipitation of the product and its easy filtration are 
advantages in this procedure, giving very high yields (55-95%).[24]  
  




Table  2.1- Synthesis of hydrazones 30. 
Compd R2 R3 Yield/% 
30a H m-Cl 95 
30b p-Cl H 95 
30c H o-Cl 56 
30d p-OMe H 96 
30e m-Cl m-Cl 98 
30f m-Cl H 55 
30g H H 92 
 
The hydrazones 30a-g were characterized by 1H NMR. In all spectra, a deshielded singlet 
appears around 9.0 ppm corresponding to the hydrogen of the hydrazone group. In addition, the 
aromatic protons of the aromatic phenyl rings appear between 8.0 and 6.5 ppm, together with the 
proton of carbon 1 (assigned in Scheme 2.1). All NMR spectra were in accordance with the ones 
reported in the literature.[23, 25-28]  
The second step of the synthetic route was the chlorination of the hydrazones 30 (Scheme. 
2.1). 
Hydrazonyl chlorides have been used for the synthesis of 5-membered rings (e. g. 
spirotriazoline oxindoles and spiropyrazoline oxindoles).[12-14] In order to substitute the 
hydrogen by a chlorine atom, N-chlorosuccinimide (33) and dimethyl sulfide (34) form the Corey-
Kim reagent 37 (Scheme 2.2). This complex is also used for the oxidation of alcohols to aldehydes 
and ketones. It is a good alternative to the Swern oxidation, since it can be used in temperatures 
above -25ºC. 
 
Scheme 2.2 – Formation of the Corey-Kim reagent.  
The mechanism of the reaction is shown in Scheme 2.3. 
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Scheme 2.3 – Mechanism proposed by Patel et al. for halogenation of hydrazones.[29] 
This mechanism involves the formation of a benzylic cation 39 which is stabilized by the 
adjacent nitrogen atom. Then, the cation undergoes nucleophilic attack by the counteranion Cl-  
to give a phenylazobenzyl chloride, which tautomerizes to compound 29.[29] 
This reaction occurs in very low temperature (-78ºC), using dichloromethane as solvent with 
moderate to excellent yields (49-92%) (Table 2.2). 
Table  2.2 – Synthesis of hydrazonyl chlorides. 
Compd R2 R3 Yield/% 
29a H m-Cl 92 
29b p-Cl H 72 
29c H o-Cl 85 
29d p-OMe H 49 
29e m-Cl m-Cl 53 
29f m-Cl H 70 
29g H H 92 
 
The 1H NMR spectra of the hydrazonyl chlorides 29a-g are very similar to the ones obtained 
for the corresponding hydrazones 30a-g. However, since the hydrogen was replaced by a chloride, 
all protons are slightly less shielded. The biggest difference is the singlet of the proton of the 
hydrazone that appears around 10.0 ppm. All spectra are in accordance with the ones reported in 
the literature.[23, 29, 30] 
An additional step was made for the synthesis of the 6-chloroindoline-2,3-dione (27a) from 
the 6-chlorooxindole. This compound was synthetized because of the high availability of the 
corresponding oxindole. This is a two-step reaction. First occurs the bromation of the position 3 
of the indole derivative and then the oxidation of this position (Scheme 2.4). 





Scheme 2.4 – Synthesis of 6-chloroisatin (27a).  
6-chloroisatin (27a) was obtained with a yield of 46% and the chemical structure was 
confirmed by 1H NMR and it is in accordance with reported literature.[31] 
2.2. Synthesis of spiro[indoline-3,2'-[1,3,4]oxadiazoline]-2-ones 
2.2.1. Traditional synthetic route 
The spirooxadiazoline oxindoles library was formed by reacting isatin and nitrile imines 
derivatives (formed in situ by the dichlorination of the corresponding hydrazonyl chloride) 
(Scheme 2.5 and Table 2.3). To the date, the 1,3-dipolar cycloadditions of hydrazonyl chlorides 
with 3-imino-indolinones and 3-methylene indolinones are the most common. In this thesis, it is 
reported for the first the reaction of hydrazonyl chlorides with isatin derivatives. The biggest 
advantage of the use of isatin derivatives is their commercial availability, so the number of 
reaction steps is reduced. 
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Scheme 2.5 – 1,3-dipolar cycloaddition of isatin derivatives 27 as dipolarophiles and nitrile imines 28 as 
dipoles. 
In this reaction, two regioisomers can be formed. They can be distinguished by NMR. For the 
regioisomer 26, the spiro carbon and the C=N bond have their signals around 96.0 and 150.0 ppm 
in the 13C NMR, respectively[17]. For the regioisomer 42, since it has a different chemical 
environment, the signal of the spiro carbon should appear much more shielded, around 88.0 
ppm.[32] The spiro carbon of the regioisomer 26 is bonded to two heteroatoms (oxygen and 
nitrogen) and two carbons, while the spiro carbon of the regioisomer 42 is bonded to an oxygen 
and three carbons. (Fig. 2.2) 
 
Fig.  2.1 – Difference in the spiro carbon for both regioisomers. In regioisomer 26, the spiro carbon is 
linked to a nitrogen (orange) and in regioisomer 42, the spiro carbon is linked to another carbon (brown). 
.




Table  2.3 - Library of spirooxadiazoline oxindoles 26a-u and respective yields. 
Cmpd R1 R2 R3 Yield /%  Cmpd R1 R2 R3 Yield /% 
26c 5-Br Ph 3-Cl 64  26n 5-Cl Ph 3-Cl 64 
26d 5-Br 3-ClPh H 61  26o 7-Cl Ph 3-Cl 68 
26e 5-Cl 3-ClPh H 85  26p 7-Cl 4-ClPh H 67 
26f 5-Br 4-ClPh H 51  26q H Ph 3-Cl 87 
26g 7-Cl 3-ClPh H 54  26r 5-Cl 4-OMePh H 63 
26h 5-Br 4-OMePh H 61  26s 7-Cl 4-OMePh H 53 
26i H Ph 4-Cl 68  26t H 4-OMePh H 42 
26j 7-Cl 3-ClPh 3-Cl 67  26u 5-Br t-Bu H 90 
26k H 3-ClPh H 80  26v 6-Cl t-Bu H 86 
26l 7-Cl Ph 4-Cl 68  26w 5-Br H H 67 
26m 5-Cl 4-ClPh H 64       
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The spirooxadiazoline oxindoles 26a-x were obtained with moderate to excellent yields (42 to 
90%). In most of the reactions, the starting materials were not consumed completely. This can be 
explained by the possibility of the nitrile imine to dimerize.[17]  
Compounds 26a-v were characterized by NMR, infra-red and mass spectrometry. 
The 1H NMR spectra showed an increase of aromatic protons relatively to the hydrazonyl 
chloride spectra. The proton of the NH from the oxindole moiety appears around 10.0 ppm.  
For all reactions, only regioisomer 26 was formed (the spiro carbon signal appeared between 
95.5 and 97.5 ppm) as observed by 13C NMR of 26c as example (Fig. 2.2).  
 
Fig.  2.2 – 13C NMR of 26c. (yellow – spiro carbon, reddish brown – C=O, pink – C=N, green – equivalent 
carbons). 
Another two signals are characteristic: the carbonyl carbon, and the carbon linked to the 
nitrogen by a double bond at around 170.0 and 152.0, respectively.[17]  
IR spectra were obtained. Three main peaks were identified: the carbonyl stretch (C=O) around 
1740 cm-1, amine stretch (NH) around 3275 cm-1 and C=N stretch around 1600 cm-1. Other peaks 
were identified as aromatic bonds. In the case of compounds 26u and 26v, an extra peak was 
identified at 2970 cm-1 corresponding to the alkyl C-H bond (Fig. 2.3).  




Fig.  2.3 – IR spectrum of 26i. Red, green and purple peaks are common to all family. 
2.2.2. Microwave-assisted route 
Microwave assisted synthesis is known to be a green and faster way to perform several 
reactions (Table 2.4), including the formation of 5-membered heterocycles.[33] For hydrazones, 
it has been reported some reactions for the formation of 5-membered rings from electron deficient 
dipolarophiles to form bipyrozolyl under microwave irradiation and solvent-free conditions.[34, 
35] In this reaction, azomethine imines 43 are formed from the hydrazones 30 (instead of nitrile 
imines) and posterior 1,3-dipolar cycloaddition by reacting the azomethine imine 43 with the 
dipolarophile 27 (Scheme 2.6).  
During the course of this thesis, microwave-assisted reactions to form spirooxadiazoline 
oxindole 26 derivatives were tried, in an attempt to synthetize for the first time spirooxindoles by 
MW, using also for the first time an isatin as dipolarophile. 
Table  2.4 – Vantages and disadvantages of traditional and microwave assisted reactions. 
Traditional Microwave 
• Room temperature reaction 
• Big scale reactions 
• No pressure 
• Long time reaction 
• Addition of TEA 
• Use of dichloromethane as solvent 
• Synthetic route with 3 steps 
• High temperature reaction 
• Small scale reactions 
• Use of pressure 
• Short time reaction 
• No need of base 
• Solvent free 
• Elimination of chlorination step 
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Scheme 2.6 –Synthesis of spirooxadiazoline oxindole 26 by microwave assisted reaction. 
The reactions of the 5-bromoisatin with the hydrazones 30a-g were tested under several 
different conditions: time (30 min to 2 h); temperature (90ºC to 180ºC); the use of solvent 
(dioxane) and free solvent reaction. Only two products 26f and 26f were synthetized by 
microwave assisted reaction (Table 2.5). 
Table  2.5 – Spirooxadiazoline oxindoles synthesized by microwave assisted reaction 




26d 5-Br 4-ClPh H 61 71 
26h 5-Br 4-OMe H 51 79 
 
It was already reported the 5-membered cycle formation from olefins, maintaining the same 
bond order. According to the mechanism described, the double bond is used for the formation of 
the ring as a normal 1,3-dipolar cycloaddition. However there is an autooxidation of the 5-
membered ring with the oxygen that exists in the microwave vessel to form again the double 
bond.[36] In the case of this reaction, it is possible that before the rearrangement, the 5-membered 
ring 44 is too unstable and degrade in the system (Scheme 2.7). The stability of the hydrazonyl 
chlorides to high temperatures can also contribute to the degradation of the product, since the 
hydrazonyl chlorides used in this thesis have never been tested in microwave assisted 
reactions.[33-36] 
 
Scheme 2.7 – Oxidation that should occur in spirooxadiazoline oxindoles  
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Other conditions can be tested in the attempt to obtain the nitrile imines such as addition of 
NCS and triethylamine.[33] 
2.3. Stability studies in NMR 
The stability of the spirooxadiazoline oxindoles 26 were studied before the evaluation of 
biological activity to assure that compounds 26 do not degrade in solution during the biological 
assays. For this reason, in a NMR tube, spirooxadiazoline oxindole 26w (Fig. 2.4) was dissolved 
in DMSO-d6 (solvent used in biological assays) and kept at room temperature. The stability was 
performed using NMR spectroscopy, obtaining a new 1H NMR of the solution every week (Fig. 
2.5).  
 
Fig.  2.4 – Structure of 26w. 
 
Fig.  2.5 – Spectra of 26w in DMSO-d6 every seven days. 
Comparing the five spectra, it is possible to conclude that compound 26w is very stable in 
DMSO-d6. Only after the 5th week, it was observed very small extra peaks in the spectrum. 
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Despite, these small changes, the compound does not suffer degradation in DMSO, so it can be 


















Chapter 3. Small molecules acting as p53 reactivators 
3.1. Introduction 
3.1.1. p53 protein 
The p53, a short-lived protein, known as the guardian of the human genome, was discovered 
in 1979 as a cellular 53 kDa nuclear phosphoprotein bond to the large transforming antigen of the 
SV40 DNA virus.[37-39] The p53 gene (TP53) was first cloned in 1983.[40] Six years later, p53 
was shown to block the transformation of rat embryo fibroblasts. In 1990, TP53 was identified in 
several Li-Fraumeni syndrome, a rare condition which entire families are affected by several types 
of cancers. In 1993, p53 was considered the molecule of the year.[40]  
It belongs to a small family of related proteins which includes p63 and p73. While these two 
proteins have important roles in the normal development, p53 has a special role to prevent tumour 
development.[41] The wild type (wt) p53 protein binds to specific nucleotide sequences termed 
p53-responsive elements that, when together, stimulate a p53-dependent expression.[42] This 
tumour suppressor is regulated by degradation via the ubiquitin-proteasome pathway and 
monitors the integrity of the cells, and is one of the responsible to control cell cycle, DNA repair 
and synthesis, cell differentiation, genomic plasticity, senescence, angiogenesis and programmed 
cell death, including apoptosis and cell cycle arrest (Fig. 3.1).[37, 38, 43, 44]  
High concentrations of p53 protein are found during the meiotic process of spermatogenesis. 
At that moment, the genome recombines and is responsible for genetic diversity. DNA damage 
in somatic cells caused by radiation or topoisomerase inhibitors leads to stabilization of wt p53 
protein. p53 arrests cells in G1 phase of cell cycle, which is the moment when the DNA is 
repaired, avoiding mutations.[37]  
The p53 pathway uses several mechanisms to arrest cell cycle progression, preventing the 
propagation of DNA damage and repairing it. If the damage is too severe, p53 leads to apoptotic 
cell death to prevent any malignant proliferation of damaged cells. Therefore p53 plays a 
protective role in normal cells by limiting the propagation of damaged cells.[43] Since this type 
of cell death requires a genetic program, mutations in apoptotic pathways produce drug resistant 
tumours. p53 has a main role in apoptosis induced by anticancer agents in damaged cells.[45] 
When p53 is mutated (mut p53), its function of tumour suppressor can be affected.  




Fig. 3.1 – p53 regulates cellular response to stress. Several stress factors activate p53 and lead to a 
stabilization and accumulation of it in cell nuclei. Some genes are activated and trigger several responses. 
[Adapted from [43, 46]] 
The p53 tumour suppressor gene is mutated or deleted in half of all types of cancer.[38, 40, 
43, 47] When mutated, p53 protein has a different conformation, failing to bind DNA and regulate 
the transcription of p53 responsive genes. This phenomenon is known as loss of function 
mutation. Wt p53 is the most common in malignancies, such as acute myeloid leukaemia (AML) 
and melanoma. In these cases, cellular oncogene products of DNA tumour viruses bind to p53 
protein and block its ability of transcription.[40, 47] Murine Double Minute 2 (MDM2) and 
Murine Double Minute X (MDMX) are two examples of these inhibitors.  
  





Table  3.1 – Compounds that act in wt and mut p53.[48] 
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3.1.2. p53-MDM2 inhibition 
MDM2 is a phosphoprotein of 54 kDa that has a putative nuclear localization signal and two 
zinc fingers. The MDM2 gene is located on chromosome 12q13-14 and encodes for 491 amino 
acid protein.[39] It can be associated with mut and wt p53 and its excess functions as a negative 
regulator of this protein.[40, 49] It is an E3 ubiquitin ligase that targets p53 degradation by the 
proteasome pathway.[40, 44]  
Inactivation of the p53 tumour suppressor by mutation or overexpression of negative 
regulators occurs frequently in cancer. As explained before, p53 plays an important role in the 
regulation of proliferation and apoptosis in DNA damaging chemotherapies, so the reactivation 
of p53 by disruption of p53-MDM2 protein interaction is an interesting strategy for targeted 
anticancer therapy.[38, 47]  
According to the X-ray structure, the p53-MDM2 edge bears a total of 1498 Å of surface area. 
The interface has a steric complementarity between the MDM2 cleft and the hydrophobic face of 
α-helix of p53, which includes Phe19, Leu22, Trp23 and Leu26. These four amino acids make a 
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sequential and extensive van der Waals interaction with the MDM2 pocket. They are 
complemented with two intermolecular hydrogen bonds: the interaction of the Phe19 backbone 
amide of p53 with the Gln72 side-chain of MDM2 and the nitrogen of p53 of the Trp23 indole 
group with the Leu54 backbone carbonyl moiety of MDM2 (Fig. 3.2).[38, 40] 
The core of p53 is a region which can interact with DNA in a sequence specific-manner. 
Usually the mutations observed in tumours occur in regions where critical residues of DNA 
contact or their conformation are changed. For optimal binding to DNA, the protein is in a 
tetrameric state since there are four interactions of four separate p53 molecules via the 
tetramerization domain. The C-terminal region is responsible for regulatory properties and has 
mainly basic residues. This region suffers modifications by acetylation, phosphorylation, O-
glycosylation and RNA binding. The DNA binding domain is separated from the transcriptional 
domain by several proline residues which can interact with signal transduction molecules that 
have SH3 binding domain. On the other side, the acidic N-terminal domain activates the 
expression of target genes while giving the support for transcribing the new mRNA. This region 
is also important for stability and activity of the interactions of p53 and other proteins as MDM2, 
forming specific complexes, which allows targeting of ubiquitin-mediated proteolytic 
machinery.[49, 50] Modifications by phosphorylation in this region change the properties of this 
area, including its conformation, and as a consequence, the interaction of p53 with proteins.[50] 
According to the studies by Lane’s laboratory, the disruption of p53-MDM2 interactions leads to 
an uncontrolled increase of p53, since MDM2 takes p53 from the nucleus to the cytoplasm, where 
it should be inaccessible to target DNA for transcription and it should be degraded by 
ubiquitination through its E3 ubiquitin ligase activity.[44, 51-53] MDM2 can also auto 
ubiquitinate itself, leading to self-degradation.[39]  
 
Fig.  3.2 – MDM2 (surface)-p53 complex (PDB ID: IYCR). The main interactions are made by Leu26, Phe19 
and Trp23 from a small amphipathic p53 derived α-helix of p53 and the MDM2 pocket. [Adapted from [44]]  




p53 is a transcription factor for MDM2 which results in an autoregulatory feedback loop, so 
p53 protein regulates the transcription of MDM2 gene and, in turn, MDM2 protein regulates the 
activity of p53 protein.[39, 40, 42-44]  
The gene transcription by p53 is influenced by modifications such as phosphorylation or 
interactions with other proteins. MDM2 binds to p53 at its N-terminal domain and inhibits its 
transcriptional activity. Its amplification on chromosome 12q12-13 and excess of the gene 
product inactivates p53, so its tumour suppressor function is also shut down. Sequence-DNA 
binding and transcriptional activity of the wt p53 protein are also reduced in the presence of 
oncoproteins produced by some DNA viruses.[37, 43]  
3.1.2.1. Small molecules inhibitors of p53-MDM2 interaction 
MDM2 overexpression is oncogenic and is associated with the late stage disease, resistance to 
chemotherapy and radiotherapy and poor prognosis.[39] Furthermore, genetic studies have shown 
that loss of p53 activity induces tumour formation, while its activity restoration leads to the 
tumour regression.[40] p53 and MDM2 are both valuable targets for developing anticancer 
agents. One of the most popular strategies for reactivation of p53 activity is the use of non-peptidic 
small molecule inhibitors targeting the van der Waals protein-protein interactions site between 
MDM2 and p53 by mimicking the three critical amino acids residues from p53 pocket.[43, 54] 
The use of small molecules inhibitors for targeting p53-MDM2 and p53-MDMX interactions in 
a dual inhibition is another attractive strategy.[39, 40]  Other approaches are blocking MDM2 
expression, inhibiting the E3 ubiquitin ligase activity of MDM2 and targeting the protein-protein 
complex of proteins that interact with MDM2.[39] 
Several study groups have shown the use of antisense oligonucleotides to inhibit MDM2 
expression. They also showed that both wt p53 and mut p53 respond to MDM2 inhibition. These 
same groups have investigated the use of natural products such as curcumin, genistein and 
ginsenosides to down-regulate MDM2 expression.[39, 55-57]  
Recently, small molecules were also reported to target E3 ligase activity of MDM2. They 
inhibit the ubiquitination of p53 in vitro, allowing the activation of p53 signalling, inducing cell 
cycle arrest and/or apoptosis. The first groups of these kind of inhibitors were the 
arylsulfonamide, bisaryluarea and acylimidazolone, first described in 2002. They allosteric inhibit 
MDM2 by blocking rearrangements of MDM2 that can be necessary for p53 ubiquitination.[39] 
The most important families of inhibitors of p53-MDM2 interaction are cis-imidazolines 45 
(or also known as nutlins), spirooxindoles 20, piperidinones 48, 1,4-diazepines and isoindolinones 
(Fig. 3.3).  




Fig.  3.3 – p53-MDM2 small molecule inhibitors that are in preclinical and clinical trials (compounds 20 and 
45-47).[39] 
3.1.3. p53-MDMX inhibition 
MDMX is an additional MDM2 family member of which the 6-chlorotryptophan residue 
projects into the Trp23 binding site and optimizes the steric complementarity of p53-MDMX 
interface. It was discovered in 1996 as a close homolog protein of MDM2 that potentiates the 
ubiquitin ligase activity of MDM2 and blocks its p53 transcriptional activity without its 
degradation.[44] Like MDM2, it is overexpressed in several tumours. Due to its characteristics, 
it is important for targeting p53-MDMX interaction.  
Despite being similar, MDM2 and MDMX have some conformational differences as well as 
some different amino acids which lead to a poorly inhibition by p53-MDM2 small molecules 
inhibitors.[38, 40] The critical residues for binding p53 are identical of MDM2, however the 
residues around Leu26 pocket are different, leading to different shape and size. These residues 
include Met53 (Leu54 in MDM2), Leu98 (Ile99 in MDM2), Leu102 (Ile103 in MDM2) and Pro95 
(His96 in MDM2), resulting in a smaller binding groove in MDMX. Around the Trp23 pocket, 
the Phe86 residue of MDM2 is replaced by Leu85 residue in MDMX (Fig. 3.4).[44] Both have 
an acidic N-terminal p53 binding domain, C-terminal ring domain and a zinc finger domain.[44] 
The ring-finger domain located at the C-terminal end of both proteins is a well-conserved region. 
The integrity of this region is required for heterodimerization. The C4 zinc finger is also conserved 
in both proteins. MDMX was shown to be a cytoplasmic protein and it is dependent on other 




proteins, such as MDM2, for nuclear localization.[38-40] Disrupting the MDM2/MDMX 
heterocomplex inhibits the activity of p53 and cannot be reversed. Because of their critical and 
non-redundant role in p53 inhibition, targeting both MDM2 and MDMX can fully activate wt p53 
in tumour cells.[44] 
  
Fig.  3.4 – A) MDMX (surface)-p53 complex (PDB ID: 3DAB). The main interactions are made with Leu26, 
Phe19 and Trp23 from a small amphipathic p53 derived α-helix of p53 and the MDMX pocket. B) 
Superimposition of the two complexes. MDM2 is in white, MDMX is in yellow and p53 are in pink and blue, 
respectively. C) Superimposition of the two complexes. The residues that are non-identical are identified. 
[Adapted from [44]] 
Because of the differences of the binding site of MDM2 and MDMX, inhibitors of p53-MDM2 
interactions have low affinity for MDMX. For this reason, the search of MDMX antagonists is 
mandatory for a more robust p53 activation.  
SJ-172550 was the first molecule to be identified to kill cells by reversibly bind to MDMX. 
Two compounds of a series of indolyl hydantoyn compounds, RO-2443 and RO-5693, showed 
also to bind to the MDMX pocket, being then described as potent inhibitors of MDMX. Another 
compound, XI-011 was reported to activate p53 in breast cancer cells, by inhibiting its interaction 
with MDMX. This inhibition is through the transcriptional repression of MDMX promoter. All 
these compounds are still in a preclinical stage.[48] 
3.1.4. Spirooxindole core 
In 2005, the Wang group at the University of Michigan reported the structure-based design of 
spirooxindole as a new class of potent small-molecule inhibitors of p53-MDM2 interaction. The 
oxindole group was found to mimic the Trp23 moiety (6) and spirooxindole-containing natural 
products 49 were identified and docked to MDM2 protein (Fig. 3.5).  
MI-5 (51) was designed to interact effectively with MDM2. The oxindole moiety inserts into 
the Trp23 pocket, the phenyl group occupies the Phe19 pocket and the isopropyl group occupies 
the Leu26 pocket. The substitution of isopropyl group to t-butyl group and the introduction of a 
chlorine atom in position meta in the phenyl group lead to MI-17 (52) which is 100-fold more 
potent than MI-5.  




Fig.  3.5 – Spirooxindoles optimization to SAR405838 (or MI-77291) (20). [adapted from [44]] 




Further optimizations were made leading to MI-63 (53). Despite having good water solubility, 
it has a very modest oral bioavailability. To overpass this problem, more modifications were made 
leading to MI-219 (54). This compound was proved to induce activation of p53 by blocking p53-
MDM2 interaction in cells with wt p53. It was shown to inhibit cell growth in cancer cells and 
has more than 10-fold selectivity in tumour cells with mutated or deleted p53. Changing the 
stereochemistry, MI-888 (56) has a much higher affinity to MDM2, selectivity in inhibition of 
tumour cell growth in cancer cells with wt p53, oral bioavailability and it is capable of achieving 
total and durable tumour regression.[44] 
Currently, SAR405838 (20), an analogue of MI-888, is in Phase I of clinical trials. It was 
developed by Sanofi-Aventis as a derivative of MI-219. It works as a MDM2 antagonist, binding 
to the p53 pocket of MDM2 molecule with specificity and selectivity, resulting in p53 reactivation 
at low nanomolar concentrations and induces cell-cycle arrest and apoptosis.[54, 58] 
Spirooxindole molecules were inspired by the presence of indoles in natural products. The starting 
point that led to SAR405838 was to mimic the three most important amino acids and their van 
der Waals and hydrogen bond interactions. The X-ray structure of MDM2 complexed with an 
spirooxindole analogue showed that the oxindole moiety inserts deeply into the Trp23 pocket of 
MDM2. The 2-fluoro-3-clorophenyl ring binds to the Leu26 binding site. Its rotative plane allows 
the halogens to reach the bottom of the MDM2 pocket. The Phe19 cleft is filled by the neopentyl 
side chain which requires an induced fit. For that, the backbone of His73 must retract outward 
from the pocket and allows the side chain of Tyr67 to rotate (Fig. 3.6).[38] 
 
Fig.  3.6 – Co-crystal structure of MDM2 (surface) and SAR405838 (18) (green). [Adapted from [44, 59]] 
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3.2. Evaluation of anti-proliferative activity of spirooxadiazoline oxindoles 
26 in breast cancer cells 
Considering the results previous obtained by our group and the importance of spirooxindole 
derivatives in natural products and medicinal chemistry, the synthesized spirooxadiazoline 
oxindoles 26a-v were tested against two breast cancer cell lines, MCF-7 and MDA-MB-231 
(Table 3.2).[11, 14, 15, 60]  
MDA-MB-231 is a triple negative breast cancer cell line which means it has lack of oestrogen, 
progesterone and ERBB2 receptors.[61] It has a basal like molecular subtype which has unique 
features as molecular profile and a set of risk factors like aggressive and early pattern of 
metastasis, limited treatment options and poor prognosis.[62] Furthermore, in this cell line, p53 
has a R280K mutation. On the other hand, MCF-7 is a luminal type breast cancer cell line which 
oestrogen and progesterone and glucocorticoids receptors are present.[63] In this cell line, p53 is 
present as wt p53. Both cell lines are human breast adenocarcinomas.  
According to the results, compounds 26n and 26u showed to inhibit around 50% of the cell 
growth at concentration of 50 µM, in both cell lines tested. Compound 26h showed to be more 
selective to inhibit the cell growth, around 49%, in MCF-7 cell line. On the other hand, 
compounds 26c and 26v showed to be more selective to inhibit around 40% of cell growth in the 
mut p53 breast cell line. 
In this library of spirooxadiazoline oxindole, only electron donating groups, as halogens and 
methoxy group, were tested. The size of the R2 substituent was tested by the replacement of an 
aryl group to an alkyl group. Furthermore, their meta and para positions at the aromatic rings 
were also tested. In the oxindole ring, the bromine and chlorine atoms were tested at positions 5, 
6 and 7. 
Compounds 26c, 26h, 26n, 26u and 26v (Fig. 3.7) have bromine or chlorine at positions 5 and 
6 of the oxindole ring. The derivatives with a substituent in position 7 or unsubstituted at the 
oxindole ring are not active for these two cell lines. The m-chlorophenyl ring at the position 3’ in 
compounds 26c, 26n, 26u, 26v was found to be important for the inhibition of tumour cells 
growth.  
Compound 26h has a p-methoxyphenyl group as R2, showing selectivity for inhibition of 
MCF-7 cell growth. Compounds 26r-t also have this substituent. However, they do not show this 
selectivity. For this reason, the 5-bromine atom of the oxindole ring can be responsible for the 
difference in selectivity of compounds 26h and compounds 26r-t.  
Comparing compounds 26c and 26n with compounds 26u-v, the R2 substituent does not show 
any improvement in activity by changing from an aromatic ring to an alkyl group.  
 




3.2.1. Assessment of cell viability and SAR study 
 
Table  3.2 – In vitro anti-proliferative activity at 50 µM.  
















26c 5-Br Ph m-Cl 56±19 38±8  26m 5-Cl p-ClPh H 100±3 75±8 
26d 5-Br m-ClPh H 70±4 85±7  26n 5-Cl Ph m-Cl 52±9 58±5 
26e 5-Cl m-ClPh H 98±2 78±6  26o 7-Cl Ph m-Cl 101±4 75±5 
26f 5-Br p-ClPh H 103±6 78±1  26p 7-Cl p-ClPh H 98±4 89±0 
26g 7-Cl m-ClPh H 98±6 91±13  26q H Ph m-Cl 97±8 87±5 
26h 5-Br p-OMePh H 49±9 106±12  26r 5-Cl p-OMePh H 74±15 64±10 
26i H Ph p-Cl 106±2 78±0  26s 7-Cl p-OMePh H 69±11 70±10 
26j 7-Cl m-ClPh m-Cl 71±9 98±6  26t H p-OMePh H 84±20 103±12 
26k H m-ClPh H 81±10 95±10  26u 5-Br t-Bu H 45±1 58±3 
26l 7-Cl Ph p-Cl 98±1 85±5  26v 6-Cl t-Bu H 78±2 46±6 
Cell viability was determined by MTT method after 48h. Each value is the mean (%±SD) of three experiments performed in triplicate. 
 
 




Fig.  3.7 – Structure of compounds more active for the breast cancer cell lines tested. 
Previously, the work developed in the group had been focused on the evaluation of a small 
family of spirooxadiazoline oxindoles 26 in HCT116 and SW620 colon cancer cell lines. Some 
compounds of this small family were also tested in MCF-7 and MDA-MB-231 breast cancer cell 
lines (Table 3.3). 
Table  3.3 – Comparison of cell viability of spirooxadiazoline oxindoles 26 in colon and breast cancer cell 
lines. 
Cmpd R1 R2 R3 






26w 5-Br H H >50 <50 >50 >50 
26x 7-Br H H >50 >50 >50 >50 
26y 7-Cl H H >50 >50 >50 >50 
26z 6-Cl H p-OMe >50 <50 >50 >50 
26aa 5-Cl m-Cl m-Cl >50 >50 >50 >50 
26ab 5-Cl H p-Cl >50 >50 >50 >50 
IC50 was determined by MTT method after 48h. Each value is the mean (%±SD) of three experiments performed in 
triplicate. 
In general, the anti-proliferative activity of spirooxadiazoline oxindoles 26 is higher in SW620 
than MCF-7 and MDA-MB-231 cell lines. SW620 is a colon cancer cell line with mut p53 with a 
different mutation of MDA-MB-231. SW620 has the mutation R273H, which in nucleotide 
13798, a guanine is replaced by an adenine, so during the translation, a histidine is produced 
instead of an arginine. MDA-MB-231 has the mutation R280K, which in nucleotide 13819, a 




guanine is also replaced by an adenine, so during the translation, a lysine is produced instead of 
a arginine.[18, 64] 
For further optimizations, electron withdrawal groups should be tested. A compound with both 
m-chloro atom and p-methoxyphenyl group as R3 and R2, respectively, should be synthetized.  
3.2.2. Comparison of spirooxadiazoline oxindole family with [1,2,4] and [1,3,4]-
oxadiazole scaffolds 
Previously, a family of spirooxadiazoline oxindoles with [1,2,4]-oxadiazole ring 25 was 
reported by our group.[13] To better understand the consequences of the inversion of the 
oxadiazole ring in families 25 and 26, we evaluated the anti-proliferative activity in MCF-7 and 
MDA-MB-231 breast cancer cell lines (Table 3.4).  
 
Table  3.4 – In vitro anti-proliferative activity of spirooxadiazoline oxindoles with [1,2,4]-oxadiazole core. 






25c 5-Br 3-Cl H 18±8 >100  
25d 5-Cl 4-Cl 4-Cl 34±9 24±10  
25e H 3-Cl H >100 >100  
25f 5-Cl 4-Cl 3-Cl 34±8 43±4  
25g 6-Cl 4-Cl H 36±8 53±9  
25h H 4-F H >100 >100  
25i H 4-Cl H 69±3 >100  
25j H 4-Cl 3-Cl 51±8 >100  
25k 5-Cl 3-Cl H 7±2 26±1  
25l 5-Br 4-Cl H 34±9 54±11  
25m 5-Cl 4-Cl H 44±2 58±1  
IC50 was determined by MTT method after 48h. Each value is the mean (%±SD) of three experiments performed in 
triplicate. 
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Compound 25k is the most potent spirooxadiazoline oxindole derivative against MCF-7 cell 
line. Spirooxadiazoline oxindoles 25 containing [1,2,4]-oxadiazole ring are, in general, more 
potent than the equivalent regioisomers 26 (Fig. 3.9). 
Spirooxadiazoline oxindoles 25 were, previously, tested in HCT116 and SW620. The most 
potent compound was 25c with an IC50 value of 4.7 µM for HCT116 p53(+/+) cell line. The 
corresponding spirooxadiazoline oxindole 26c showed an IC50 value of 18 µM, which is 4 times 
less potent than HCT116 p53(+/+) cell line. The family of spirooxadiazoline oxindoles 25 has 
higher anti-proliferative activity in HCT116 and SW620 cell lines than MCF-7 and MDA-MB-
231 cell lines.  
 
Fig.  3.8 – Most potent analogues from both spirooxadiazoline oxindole families 25 and 26. 
3.3. Final remarks 
The twenty spirooxadiazoline oxindoles 26 synthetized were tested in human breast 
adenocarcinoma cell lines. Compounds 26n and 26u showed an inhibition of 50% of cell growth 
in both MCF-7 and MDA-MB-231 cell lines. Furthermore, compounds 26c and 26v showed 
around 40% of inhibition of cell growth in just MDA-MB-231 cell line, which has p53 mutated. 
Compound 26h showed to be more selective to MCF-7 cell line, showing 50% of cell viability. 
This family also shows to be more potent for SW620 colon cell lines.  
Comparing spirooxadiazoline oxindoles 25 and 26, compounds 25 showed to be more potent 
in the breast cancer cell lines tested.  
Further chemical optimizations can be performed in spirooxadiazoline oxindoles 26 and the 
new derivatives should be tested in other cancer cell lines such as colon, lung, liver and ovaries.  
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Chapter 4. Small molecules for targeting P. falciparum 
4.1. Introduction 
Malaria is a hematoprotozoan parasitic infectious disease that usually affects African and 
Asian continents. This infection is transmitted by the bite of the female Anopheles mosquito. 
Despite all efforts, this disease is still one of the major causes of mortality and morbidity, especial 
in children and pregnant women. Half a century ago, there was a so-called eradication era when 
malaria was eliminated or almost entirely supressed in some parts of the world. However, in some 
of these areas, malaria appeared again. This phenomenon can be explained by a first-line 
antimalarial drug resistance. For this motif, it is urgent to develop new antimalarial drugs. Several 
synthetic and natural products have been discovered but their side effects or drug resistance have 
been making their development very difficult. For this reason, there is not an effective vaccine 
available and it is not expected for some more years.[65, 66]  
Parasitic protozoan belonging to genus Plasmodium causes malaria. There are five species of 
the parasite: Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium 
malariae and Plasmodium kowlesi. The first two are the responsible for about 95% of the cases 
worldwide. The first one acts mostly in Africa, sub-Sahara Africa and East Asia, whereas the 
second acts in Indian subcontinent (Fig. 4.1).  
 
Fig.  4.1 – Countries endemic for malaria in 2000 and 2016. Since 2000, 17 countries are no longer endemic, 
mostly because of malaria control interventions[67] 
According to WHO, in 2015, 97 countries had ongoing malaria transmission, having about 3.3 
billion people in risk. It is estimated to have 149-303 million cases of malaria worldwide. 88% 
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are from Africa, 10% are in East Asia and 2% in Eastern Mediterranean region. It is estimated 
between 236000-635000 deaths, which 90% is in Africa and the rest of the 10% in the areas 
already identified. 65% of these deaths are children under five.[67] 
 
Fig.  4.2 – Increasing of investments. Governments of endemic countries provided 32% of total malaria 
funding in 2015, followed by international funds. USA and UK are in the ranking of the largest malaria funders, 
35% and 16%, respectively.[67]  
In most malaria-affected countries, people have less than 10€ per capita annually to spend in 
health care, so treatments that cost more than 0.50€ are unbearable.[66]  
4.1.1. Life cycle of malaria parasite 
Life cycle of malaria parasite involves two host viz. human and mosquito and it has two stages. 
The first one, called pre-erythrocity stage includes the bite of the Plasmodium-infected female 
Anopheles mosquito. Usually less than 10 sporozoites are inoculated into the human host by an 
infected mosquito.[66, 68] Sporozoites enter into the liver cells and grow into tissue schizonts 
which, after rupture, can release merozoites to the blood stream to begin the 48-hour asexual 
reproduction cycle. P. vivax and P. ovale can remain as hypnozoites (dormant condition) in the 
liver. After their release, merozoites multiply asexually in the erythrocytes and develop into 
immature ring stage trophozoites – asexual erythrocytic stage. In this stage the person shows 
clinical illness and complications of malaria. The mature schizonts burst and release merozoites 
into blood stream. Some of them discriminate into sexual erythrocytic stages and develop into 
immature gametocytes – precursors of male and female gametes. These are ingested by an 
Anopheles mosquito and start multiplication in the mosquito. They develop into sporozoites that 
are in mosquito’s salivary glands.  




All the symptoms can be associated with the asexual erythrocytic or blood stage parasites. 
These symptoms include diarrhoea, fever, headache, weakness, vomiting, cough and abdominal 
pain.[69] In P. falciparum malaria, if the drugs are readily available, the mortality is about 0.1%. 
If the parasite multiplicates without any interference, more severe symptoms appear as vital-organ 
dysfunction, acidosis and anaemia. At this stage, the mortality rises to about 20%.[66] 
 
Fig.  4.3 – Life cycle of malaria parasite[adapted from [66]] 
4.1.2. Strategies for antimalarial drug development 
Most antimalarial drugs target the erythrocytic stage and not the hepatic stage, since it does 
not show any symptoms. Once the actual antimalarial drugs are ineffective, due to the P. 
falciparum resistance, the new strategies pass through develop drugs against all stages. The doses 
depend on the geographic location of the infection, the plasmodium species and also the severity 
of disease presentation. Ideally, a new antimalarial should have activity against the blood stages, 
be active against all drug-resistant parasites, not have cytotoxicity or genotoxicity and be efficient 
with a once-daily oral administration, have a novel mechanism of action and be cheap.[70, 71] 
As explained before, the current antimalarial drugs have presented several problems as 
resistance, toxicity and high cost. New strategies have to be rethink, for example, replacement of 
chloroquine with a new drug or chloroquine with modifications to overcome the resistance 
problem associated (Fig. 4.4).[72, 73]  




Fig.  4.4 – Several strategies for new antimalarial drugs.[73] 
Some current strategies pass through combination therapies such as non-artemisinin-based and 
arteminin-basead combination therapy. In this strategy, chloroquine (57), atovaquone (58), 
mefloquine (59) and quinine (5) are combined with other drugs and antibiotics to overcome the 
resistance developed by P. falciparum for these drugs.[66, 74]  
 
Fig.  4.5 – Structural representation of chloroquine (57), atovaquone (58) and mefloquine (59).[73] 
Another strategy usually used is the optimization of existing compounds. One example is the 
discovery of chloroquine (57) and mefloquine (59) that are all structural optimizations of the 
quinine.[75] 
Covalent biotherapy is another strategy that consists in a covalent linking of different chemical 
moieties that different parts can have or the same target with different action mechanisms – hybrid 
molecules.[76] Trioxaquine is a drug from this class that has a 1,2,4-trioxane and a 4-
aminoquinoline linked covalently with two different mechanisms: alkylation of heme with the 
trioxane moiety and binding of heme with the aminoquinoline moiety to inhibit hemozoin 
formation.[77-79] SAR-116242 is now in preclinical assessment by Safoni-Aventis and presents 
activity in sexual and asexual stages, showing activity against resistant strains of P. falciparum. 
Several drugs used for the treatment of other diseases have also been used as antimalarial 
drugs. This is a very common strategy, since, with this approach, years of development are 
reduced, so their cost, pharmacokinetic profile and safety have already been tested. An example 
is atovaquone (58) was first used for prevention of pneumonia. However, used in combination 
with proguanil, it has a high activity against malaria.[80, 81]  




Drug resistance is developed when a minimum amount of drug responsible for activity is not 
binding to the target. Chloroquine (57) is a first-line antimalarial therapy drug but resistance has 
decrease its efficacy. It was combined with drug resistance reversers which maintain the efficacy 
of chloroquine. These drug resistance reversers can be calcium channel blockers, such as 
verapamil and derivatives and diltiazem, can be tricyclic antidepressants, such as imipramine and 
desipramine, can be antihistamines and phenothiazines. 
4.1.2.1. Natural products and derivatives 
For centuries, natural products have been used as molecular templates for the development of 
new drugs, being used as lead compounds such as quinine (5), artemisinin (1) and 
spiroindolinones 21 (Fig. 4.6).[82] 
Quinine (5) was the first chemical compound that occurred naturally in the bark of the 
cinchona tree for P. falciparum malaria. It was substituted for chloroquine, since it had several 
side effects. After a lot of use, the parasites developed resistance to quinine, so the monotherapy 
with it was abandoned. Since this moment, in the 1980’s, combination therapy became the second 
line of treatment.  
Artemisinin (1), a sesquiterpene lactone with a 1,2,4-trioxane ring was isolated from Artemisia 
annua. Because of its endoperoxide moiety, it forms free radicals when exposed to free iron. 
However, its limitations such as low solubility, bioavailability, short half-life and neurotoxicity, 
do not allow it to be use as monotherapy. Several optimizations and approaches have been made, 
developing new classes of antimalarial as trioxolane and tetraoxanes.[83, 84] Ozonide (OZ227) 
has a 1,2,4-trioxolane ring system and several combinations with other pharmacophores are 
currently in clinical trials. For example, azonide-piperaquine phosphate combination therapy is in 
Phase III and OZ439 has just completed Phase I and is currently entering Phase IIa.[85, 86] 
4.1.2.1.1. Spiroindolinones 
Spiroindolinones are an emerging class of antimalarial drugs, which possess excellent oral 
bioavailability and exceptional potency.  
From a library of around 12000 natural products and derivatives, 250 compounds were 
selected with submicromolar activity against P. falciparum. From those, 17 compounds showed 
activity against multidrug-resistant forms of the parasite. From these compounds, compound 59 
was chosen as initial compound for further optimizations.[70]  
Compound 60 was a racemic mixture with moderate activity against wt and K1 strains of P. 
falciparum (100 mg/kg dose led to 96% decrease in parasitemia in the P. berghei-infected mouse). 
SAR studies showed that the 1R, 3S stereoisomer 61 was 250-fold more potent than the 1S, 3R 
stereoisomer against P. falciparum. The scaffold of the most potent stereoisomer was crucial for 
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the activity against this Plasmodium. The replacement of the bromine atom by a chlorine atom 
led to an increase in potency, pharmacokinetics and synthetic accessibility. The removal of a 
carbon of the azepine ring leading to a 6-membered ring increased the potency, leading to 
compound 62.[70, 71] 
The spiroindolinones were found to have good in vitro solubility and permeability, having no 
cytotoxicity or genotoxicity and do not bind to human receptor, kinases or ion channels. For these 
reasons, spiroindolinones are good candidates for new antimalarial drugs. [87] 
For metabolic reasons, the benzene ring of the oxindole ring was modified. To avoid oxidation, 
halides were added to the oxindole ring. The addition of fluorine atom at position 7 improved the 
half-life of the compound 62 in the presence of liver microsomes.[70, 88] 
The optimizations of in vitro studies led to a higher antimalarial activity in the P. berghei-
infected mouse model than chloroquine and artesunate, prolonging the survival of the mice when 
a single administration dose of 30 mg/Kg.[89] 
NITD609 (21) was showed to have IC50 values of 0.5-1.4 nM against wt and multidrug-
resistant strains. Compound 21 was also showed to be effective for both P. falciparum and P. 
vivax with IC50 values less than 10 nM. The in vitro assays of P. falciparum, NITD609 was more 
active against schizonts. Besides being active in this phase, it also acts in gametocytes, which are 
responsible for the transmission of the parasite. Further studies showed that NITD609 decrease 
the oocyte count when added to the blood meal of mosquitos and it also is involved in sexual 
stages of transmission. However, compound 21 do not act against the liver stages of malaria.[90] 
With further studies, it was also demonstrated that compound 21 blocked the protein synthesis in 
P. falciparum within one hour, having a different mechanism action from other known drugs.[71] 
NITD609 (21) is currently in Phase II clinical trials, acting in the blood forms of parasite and 
killing P. falciparum and P. vivax in nanomolar concentrations.[91]  





Fig.  4.6 – Optimization of spiroindolinones to NITD609 (21). [Adapted from [70]] 
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4.2. Screening against Plasmodium falciparum strains and SAR study 
Several drugs for cancer treatment have been reported for the treatment of malaria, such as 
artemisinin and 7-chloroquinolinyl thioureas.[92, 93] For this reason, we decided to test the 
spirooxadiazoline oxindoles 26c-v against chloroquine-resistant (W2) and chloroquine-sensitive 
(3D7) strains of Plasmodium falciparum (Table 4.1). The biological assays were performed by 
the Dr. Philip Rosenthal group in USA.  
Table  4.1 – In vitro activity of spirooxadiazoline oxindole derivatives 26c-v against Plasmodium falciparum. 
Cmpd R1 R2 R3  W2 IC50/µM 3D7 IC50/µM 
26c 5-Br Ph m-Cl 6.71±0.86 >10 
26d 5-Br m-ClPh H >10 ND 
26e 5-Cl m-ClPh H >10 ND 
26f 5-Br p-ClPh H 7.58±0.10 >10 
26g 7-Cl m-ClPh H >10 ND 
26h 5-Br p-OMePh H 8.31±0.70 >10 
26i H Ph p-Cl >10 ND 
26j 7-Cl m-ClPh m-Cl >10 ND 
26k H m-ClPh H >10 ND 
26l 7-Cl Ph p-Cl >10 ND 
26m 5-Cl p-ClPh H >10 ND 
26n 5-Cl Ph m-Cl 6.37±0.39 >10 
26o 7-Cl Ph m-Cl >10 ND 
26p 7-Cl p-ClPh H >10 ND 
26q H Ph m-Cl >10 ND 
26r 5-Cl p-OMePh H >10 ND 
26s 7-Cl p-OMePh H >10 ND 
26t H p-OMePh H >10 ND 
26u 5-Br t-Bu H 4.07±0.36 8.44±0.83 
26v 6-Cl t-Bu H 1.47±0.17 2.90±0.19 
ND: Not determined 
Six compounds showed activity against chloroquine-resistant strain and two compounds were 
potent against chloroquine-sensitive strain (Fig. 4.7). 





Fig.  4.7 – Compounds with potency against Plasmodium falciparum. 
As observed in the anti-proliferative assays against breast cancer cell lines, compounds 26c, 
26f, 26h, 26n, 26u and 26v showed activity against chloroquine-resistant strain of Plasmodium 
falciparum. Compound 26f showed activity against this strain but did not show anti-proliferative 
activity against breast cancer cell lines. All these compounds have chlorine and bromine atoms at 
the position 5 or 6 of the oxindole ring. Compounds 26c, 26h, 26n, 26u and 26v also have a m-
chlorophenyl group in position 3’. Compounds 26f and 26h have a para substituted phenyl ring 
of the position 5’. Comparing 26f and 26h with 26m and 26r, when the bromine atom is replaced 
by a chlorine, the compound loses its activity. However, comparing this result with 26c and 26n, 
which have the same difference, the potency is maintained. 
Compounds 26u and 26v are also active for chloroquine-sensitive strain, 3D7. These 
compounds have a t-butyl group in the position 5’, instead of a phenyl ring. Considering this 
result, the alkyl group in that position seems to be crucial for the activity against the sensitive 
strain. 
Variations of size and nature of the substituents in the position of 3’ and 5’ of the [1,3,4]-
oxadiazole ring should be studied in further optimizations, for example, introduction of amine 
groups, more bulky alkyl groups and introduction of fluorine atoms. The amine group of the 
oxindole group can also be substituted to increase potency. Docking screenings to find possible 
targets with the obtained results would also be important to understand which optimizations could 
be made to increase the interactions with the target.  
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4.3. Final remarks 
Since several anticancer drugs have been tested for the treatment of malaria, spirooxadiazoline 
oxindoles 26a-v were tested in P. falciparum W2 and 3D7 strains. Compounds 26c, 26f, 26h, 26n 
and 26u-v showed high potency against W2 strain. Moreover, 26u-v showed high potency for 
3D7 strain.  
For future studies, spirooxadiazoline oxindoles 26 should also be tested against multidrug-



































Chapter 5. Final considerations 
Reactivation of p53 function in cancer cells is one of the most valuable and popular anticancer 
strategies.  
In this thesis, a new library of spirooxadiazoline oxindoles containing a [1,3,4]-oxadiazole ring 
was developed. The synthetic route has three main steps: 1) reaction of substituted benzaldehydes 
with substituted phenylhydrazines to form hydrazones; 2) the chlorination of these hydrazones to 
obtain the corresponding hydrazonyl chlorides; 3) the reaction of the corresponding hydrazonyl 
chlorides with isatin derivatives to afford spirooxadiazoline oxindoles 26. 
According to the NMR spectra, this reaction is regioespecific. Just the [1,3,4]-oxindole 
regioisomer is obtained (confirmed by TLC and NMR) in most of the reactions with yields 
between 42 and 90%. [17, 24, 29] 
The anti-proliferative activity of spirooxadiazoline oxindoles 26c-v was evaluated in two 
breast cancer cell lines, MCF-7 and MDA-MB-231. Four compounds (26c, 26n, 26u and 26v) 
showed around 50% of inhibition of cell growth. These spirooxadiazoline oxindoles have bromine 
or chlorine in positions 5 and 6 of the oxindole ring and the position 3’ of the oxadiazole ring 
substituted by a m-chlorophenyl group. These three positions showed to be important for activity. 
Compound 26h showed selectivity against MCF-7 cell line over MDA-MB-231 cell line. This 
compound has a para substituted phenyl ring in position 5’ of the oxadiazole ring. Some 
derivatives of spirooxadiazoline oxindoles 26 have been previously evaluated in HCT116 and 
SW620 cell lines, showing good activity for SW620 cell line. Here, it was shown that 
spirooxadiazoline oxindoles 26 lose their activity in MCF-7 and MDA-MB-231 cell lines. So, this 
family can be specific for SW620 cell line, which has a R280K mutation in p53.[18]  
Furthermore, this family was compared with the spirooxadiazole oxindole family 25 
previously reported by our group.[16] Spirooxadiazoline oxindoles 25 showed higher anti-
proliferative activity against the two breast cancer cell lines used in the assays. Compound 25k 
was the most potent. Comparing with previous results, spirooxadiazoline oxindoles 26 and 25 
have higher anti-proliferative activity in colon cancer cell lines (HCT116 and SW620) than in 
breast cancer cell lines (MCF-7 and MDA-MB-231).  
It has been reported several compounds showing dual activity against cancer and malaria. For 
this reason, spirooxadiazoline oxindoles 26 were also tested against Plasmodium falciparum, W2 
and 3D7 strains. Six compounds showed activity lower than 9 µM for W2 strain and two 
compounds showed activity against 3D7 strain. All these compounds have the same substituents 
of the ones for cancer (m-chlorophenyl and p-chlorophenyl rings, t-butyl group and halogens at 
position 5 and 6 of the oxindole core), which supports that cancer and malaria have therapeutically 
targets in common. Comparing activities, the m-chlorophenyl ring in position 3’ is crucial for 
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binding as well as the substitution of position 5 in the oxindole ring. Compounds without these 
features were not active. The para substitution of phenyl ring of position 5’ and alkyl groups 
showed to be important for potency in W2 strain, which means bulk groups should be used to fill 
the binding site. On the other hand, for 3D7 strain, compounds with aromatic rings in this position 
lost their activity, so the t-butyl group seems to be crucial for this strain of Plasmodium 
falciparum. 
Six promising compounds have been achieved with this thesis. Further optimizations should 
be done to increase the potency of this family for both cancer and malaria (Fig. 5.1). Asymmetric 
synthesis can be performed for the most active compounds 26u and 26v.  
 
Fig.  5.1 – Further optimizations that can be performed to increase potency against cancer and malaria. 
Spirooxadiazoline oxindoles 26 can be also tested in other cancer cell lines, like colon, 
stomach, lung and ovaries.  
Further assays can be also performed in malaria, such as, against the multidrug-resistant strain 
K1 of P. falciparum. Other stages of malaria should also be tested, such as liver stage. In addition, 














































Chapter 6. Experimental Section 
6.1. Chemistry: solvents and instruments 
All chemical and solvents were obtained from commercial suppliers and were normally used 
without further purification. CH2Cl2 was dried over CaH2 and distilled, TEA was dried over KOH, 
distilled and stored with it, EtOAc was dried over CaCO3 and distilled.  
Thin layer chromatography was performed using Merck Silica Gel 60 F254 aluminium plates 
and visualized by UV light. Flash column chromatography was performed on Merck Silica Gel 
(200-400 mesh ASTM). Preparative TLC was performed on Merck Silica Gel 60 GF254 over 
glass plates with 0.5 and 1 mm thickness. All reactions were performed under N2 atmosphere.   
1H and 13C NMR spectra were recorded on a Bruker Fourier 300 at 300 and 75 MHz, 
respectively. 1H and 13C chemical shifts (δ) are expressed in parts per million (ppm) using the 
solvent as internal reference, and proton coupling constants (J) in hertz (Hz). 1H spectral data are 
reported as follows: chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, 
multiplet; dd, doublet of doublets; dt, doublet of triplets, and br, broadened), coupling constant, 
and integration.  
The infrared spectra were collected on a Shimadzu FTIR Affinity-1 spectrophotometer. The 
spectra were determined using thin films in a NaCl pellet. Only the most significant absorption 
bands are reported. 
The LC-MS data were collected on performed in a Waters Alliance 2695 HPLC with a 
LiCrospher® 100 RP-18 column (125 x 4 mm; 5 µm) at 35 ºC, using as mobile phase ACN:H2O 
(70:30), and employing a photodiode array detector to scan wavelength absorption from 230 to 
650 nm; MS experiments were performed on Micromass® Quattro Micro triple quadrupole 
(Waters®, Ireland) with an electrospray in positive ion mode (ESI+), ion source at 120 ºC, 
capillary voltage of 3.0 kV and source voltage of 30V. 
Melting points were determined using a Kofler camera Bock monoscope M and are 
uncorrected.  
Some hydrazonyl chlorides, such as 29h and 29i, have been previously prepared by Carlos 
Ribeiro and Dário Silva and were in stock in the freezer at -25ºC.[23] 
The microwave-assisted reactions were performed using a Qlabo CEM Discovery equipment.  
6.1.1. Procedure for the synthesis of 6-chloroindoline-2,3-dione (27a) 
A mixture of 6-chlorooxindole (1.0 equiv) and CuBr2 (4.6 equiv) in 63 mL of EtOAc was 
heated at reflux. After 6 h, the solvent was removed under reduced pressure and a mixture of 
MeOH:H2O (4:1 v/v) was added. The mixture was heated at reflux for 3 h and, after removal of 
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the solvent, the residue was purified by flash chromatography to obtain an orange solid (652.1 mg, 
42%). The NMR is in accordance with the one described in the literature [31]. 
6.1.2. General procedure for the synthesis of hydrazones 30a-g 
A mixture of phenylhydrazine derivative (1.0 equiv) and benzaldehyde derivative (1.2 equiv) 
in aqueous ethanol 20% (2 mL/mmol of phenylhydrazine) was stirred at room temperature in the 
dark for 2-3 hours. The precipitate formed was filtered and washed with cold aqueous ethanol 
20% to afford hydrazones 30a-g in yields between 55 and 98%. When the starting 
phenylhydrazine is in chloridrate form, triethylamine (1.0 equiv) was added 15 minutes before 
adding the corresponding benzaldehyde.[24] The NMR spectra are in accordance with the ones 
described in the literature (30a [25], 30b [28], 30c, 30e [23], 30d [26], 30f [27], 30g [17]). 
6.1.3. General procedure for the synthesis of hydrazonyl chlorides 29a-g 
To NCS (3.0 equiv) in CH2Cl2 (3.5 mL/mmol of hydrazone) at 0 °C was added methyl sulfide 
(6.0 equiv) over 5 minutes. After stirring for 15 minutes, the reaction was further cooled to –78°C. 
Then the corresponding hydrazone (1.0 equiv) dissolved in CH2Cl2 (1 mL/mmol of hydrazone) 
was added. The reaction was stirred at –78°C for 1 h, and then slowly allowed to warm to room 
temperature over 3h. The reaction was quenched by addition of cold water. The organic layer was 
then washed with brine once, saturated sodium sulfite aqueous solution twice and water. The 
organic layer was dried over anhydrous Na2SO4, filtered, and concentrated to afford the 
corresponding hydrazonyl chlorides 29a-g in yields between 49 and 92%.[29, 30] The NMR 
spectra are in accordance with the ones described in the literature (29a, 29b, 29c, 29d, 29f [30], 
29e [23], 29g [29]). 
6.1.4. General procedure for the synthesis of spirooxadiazoline oxindoles 26c-v 
Hydrazonyl chloride (2.0 equiv) was dissolved in CH2Cl2 (10 mL/mmol of isatin) previously 
dried with CaH. The corresponding isatin (1.0 equiv) was added and the solution was stirred for 
15 min. Then, TEA (2.0 equiv) was added dropwise. The reaction was stirred overnight, at room 
temperature and N2 atmosphere. The reaction was quenched with cold water and the organic layer 
was washed with brine twice. The resulting solution was dried with anhydrous sodium sulphate 
and the solvent was evaporated. All final compounds were purified by flash chromatography 
and/or preparative TLC and recrystallized with hot CH2Cl2 and room temperature n-heptane. 






To a round bottom flask, was added 155.6 mg of 30a (0.6 mmol, 2.0 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 68.0 mg of 5-bromoisatin (0.3 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 44.0 µL of TEA (0.3 mmol, 1.0 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 10 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was 
evaporated. The obtained oil was purified by preparative TLC, 
using as eluent n-hexane: ethyl acetate (7:3) to obtain, after 
recrystallization, a yellow solid (87.3 mg, 64%). Mp: 217-222ºC. 
1H NMR (300 MHz, acetone-d6) δ (ppm) 10.23 (br s, 1H, NH), 
7.91 (dd, J = 7.6, 1.7 Hz, 2H, H-Barom), 7.83 (d, J = 1.7 Hz, 1H, 
H4), 7.70 (dd, J = 8.4, 1.9 Hz, 1H, Hindole), 7.52 (m, 3H, H-Barom), 
7.16 (m, J = 8.0, 3.9 Hz, 2H, H-A3, H-A5), 7.09 (m, 1H, H-Aarom), 6.87 (dd, J = 8.0, 1.1 Hz, 
1H, H-Aarom), 6.63 (dd, J = 8.2, 1.5 Hz, 1H, H-Aarom). 13C NMR (75 MHz, acetone-d6) δ 
(ppm) 171.06 (C1), 153.04 (C5’), 144.26 (CA-1), 142.85 (Cq-indole), 136.75 (CHindole), 135.52 (Cq-
indole), 132.11 (CHB-arom), 131.66 (CHindole), 130.14 (CHindole), 129.81 (CHB-arom), 127.28 (CHB-arom), 
126.29 (CA-5), 125.39 (CB-1), 121.44 (CHA-arom), 116.45 (C5), 114.79 (CHA-arom), 114.58 (CHA-arom), 
112.45 (CHA-arom), 95.42 (C2). IR (NaCl) νmax (cm-1) 3254 (NH), 1743 (C=O), 1618, 1593 (C=N), 
1481, 1373, 1199, 1095, 1060,1024, 819. ESI-MS m/z: 456.1 [M+H]+. 
Synthesis of 5-bromo-5'-(3-chlorophenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26d) 
To a round bottom flask, was added 133.2 mg of 30f (0.5 mmol, 2.2 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 50.9 mg of 5-bromoisatin (0.2 mL, 1.0 equiv) was added 
and after 15 min of stirring, 49.0 µL of TEA (0.4 mmol, 1.6 equiv) was added dropwise. The 
reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL of 
cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was 
evaporated. The obtained oil was purified by preparative TLC, 
using as eluent n-hexane: ethyl acetate (3:2) to afford, after 
recrystallization, a yellow solid (29.5 mg, 61%). Mp: 225-227ºC. 
1H NMR (300 MHz, acetone-d6) δ (ppm) 10.10 (br s, 1H, NH), 
8.42 (m, 2H, H-Aarom), 7.77 (m, 1H, Hindole), 7.67 (dd, J = 8.3, 1.6 
Hz, 1H, Hindole), 7.53 (dd, J = 7.75, 5.74 Hz, 2H, H-Barom), 7.13 
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(m, 3H, H4, H-Aarom), 6.86 (dd, J = 6.7, 7.9 Hz, 3H, H-Aarom). 13C NMR (75 MHz, acetone-d6) δ 
(ppm) 172.08 (C1), 152.38 (C5’), 143.67 (CA-1), 137.28 (CHindole), 135.99 (Cq-B1), 132.36 (CHindole), 
132.28 (CHB-arom), 130.88 (CHA-arom), 130.83 (Cq-B3), 128.47 (Cq-indole), 127.45 (CHBarom), 127.38 
(CHBarom), 126.20 (CHBarom), 122.94 (CHA-arom), 117.02 (Cq-5), 115.77 (CHA-arom), 115.15 (CHindole), 
96.72 (C2). IR (NaCl) νmax (cm-1) 3282 (NH), 1743 (C=O), 1658, 1600 (C=N), 1570, 1494, 1464, 




To a round bottom flask, was added 93.8 mg of 30f (0.4 mmol, 2.2 equiv) which was dissolved 
in 3 mL of dry CH2Cl2. Then, 28.7 mg of 5-chloroisatin (0.2 mmol, 1.0 equiv) was added and 
after 15 min of stirring, 42.0 µL of TEA (0.3 mmol, 1.9 equiv) was added dropwise. The reaction 
was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL of cold water 
and the organic layer was washed with 15 mL of brine twice. The resulting solution was dried 
with anhydrous sodium sulphate and the solvent was evaporated. The obtained oil was purified 
by flash chromatography using as eluent n-hexane: ethyl acetate (4:1) to obtain, after 
recrystallization, a yellow solid (55.2 mg, 85%). Mp: >300ºC. 
1H NMR (300 MHz, acetone-d6) δ (ppm) 9.80 (s, 1H, NH), 8.02 
– 7.93 (m, 2H, 2Harom), 7.66 – 7.52 (m, 3H, H4, 2HB-arom), 7.25 – 
7.15 (m, 4H, HA-2,6, HB-arom), 7.00 – 6.94 (m, J = 8.6, 1.0 Hz, 2H, 
HA-arom), 6.85 – 6.77 (m, 1H, HA-arom).13C NMR (75 MHz, 
acetone-d6) δ 172.22 (C1), 152.40 (C5’), 143.69 (CB-1), 143.21 
(CHB-arom), 136.00 (Cq-indole), 134.37 (CHB-arom), 132.35 (CHB-
arom), 132.28 (CHB-arom), 130.87 (CHindole), 129.93 (Cq-indole), 128.47 (Cq-5), 128.03 (CHarom), 127.38 
(CHarom), 127.11 (CA-1), 126.20 (CHindole), 122.95 (CHA-arom), 115.82 (CHA-arom), 114.71 (CHA-arom), 
96.82 (C2). IR (NaCl) νmax (cm-1) 3283 (NH), 1726 (C=O), 1658, 1602 (C=N), 1570, 1494, 1469, 









To a round bottom flask, was added 333.8 mg of 30b (1.3 mmol, 1.6 equiv) which was 
dissolved in 6 mL of dry CH2Cl2. Then, 180.1 mg of 5-bromoisatin (0.8 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 168.0 µL of TEA (1.2 mmol, 1.5 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 10 mL 
of cold water and the organic layer was washed with 30 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was 
evaporated. It was obtained yellowish brown oil that was purified 
by flash chromatography, using as eluent n-hexane: ethyl acetate 
(7.5:2.5) to afford, after recrystallization, a yellow solid (186.1 mg, 
51%). Mp: 219-221ºC. 1H NMR (300 MHz, acetone-d6) δ (ppm) 
10.36 (br s, 1H, NH), 7.89 (m, 2H, H-Barom), 7.51 (m, 5H, H-Barom, 
H-Aarom, Harom), 7.17 (m, 3H, H-Aarom, Harom), 6.89 (m, 2H, H-
Aarom). 13C NMR (75 MHz, acetone-d6) δ (ppm) 172.14 (C1), 154.08 (C5’), 142.87 (Cq-indole), 
142.07 (CA-1), 134.40 (CHindole), 132.77 (CHindole), 130.77(CHA-arom), 130.55 (CHB-arom), 127.94 
(CHB-arom), 127.15 (CB-4), 126.84 (CB-1), 126.44 (CHindole), 126.39 (CHA-arom), 126.22 (Cq-indole), 
117.99 (Cq-5), 117.27 (CHA-arom), 97.03 (C2). IR (NaCl) νmax (cm-1) 3275 (NH), 1743 (C=O), 1620, 




To a round bottom flask, was added 215.5 mg of 30f (0.8 mmol, 2.3 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 64.0 mg of 7-chloroisatin (0.4 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 93.0 µL of TEA (0.7 mmol, 1.9 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. It was obtained an oil 
which was purified by flash chromatography, using as eluent n-hexane: ethyl acetate (3:2) to 
afford, after recrystallization, a yellow solid (77.0 mg, 54%). Mp: 215-218ºC. 1H NMR 
(300 MHz, acetone-d6) δ (ppm) 10.41 (br s, 1H, NH), 7.83 (m, 2H, 
Hindole), 7.58 (m, 4H, Hindole, 3HB-arom), 7.25 – 7.17 (m, 3H, HB-arom, 
HA-arom), 6.94 – 6.86 (m, 3H, HA-arom). 13C NMR (75 MHz, acetone-
d6) δ (ppm) 172.27 (C1), 152.43 (C5’), 143.70 (CA-1), 142.04 (Cq-indole) 
136.04 (Cq-indole), 134.33 (CHBarom), 132.40 (CHBarom),132.35 
(CHindole), 130.90 (CHA-arom), 128.39 (Cq-7), 127.36 (CHindole), 127.07 
(CB-1), 126.43 (CHBarom), 126.38 (CHBarom), 126.19 (CHindole), 123.02 
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(CHA-arom), 117.89 (CB-3), 115.89 (CHA-arom), 97.34 (C2). IR (NaCl) νmax (cm-1) 3263 (NH), 1736 
(C=O), 1620, 1595 (C=N), 1496, 1473, 1363, 1261, 1220, 1188,1147, 1060,1020, 939, 882. ESI-
MS m/z: 456.1 [M+H]+.  
Synthesis of 5-bromo-5'-(4-methoxyphenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26h) 
To a round bottom flask, was added 199.5 mg of 30e (0.8 mmol, 2.2 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 79.6 mg of 5-bromoisatin (0.4 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 106.0 µL of TEA (0.8 mmol, 2.2 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. It was obtained an oil 
that was purified by preparative TLC, using as eluent a gradient n-hexane 100% to n-hexane: 
ethyl acetate from (3:2) to afford, after recrystallization, a yellow solid (51.7 mg, 62%). Mp: 164-
166ºC. 1H NMR (300 MHz, acetone-d6) δ 9.57 (s, 1H, NH), 8.02 – 7.96 (m, 2H, HB-arom), 7.78 
(dd, J = 8.4, 2.1 Hz, 1H, H4), 7.70 – 7.67 (m, 1H, Hindole), 7.22 – 
7.13 (m, 2H, HB-arom), 7.08 – 7.02 (m, 3H, HA-2,6, Hindole), 6.97 – 
6.92 (m, 2H, HA-arom), 6.82 – 6.75 (m, 1H, HA-arom), 3.89 (s, 3H, 
H9). 13C NMR (75 MHz, acetone-d6) δ 184.52 (C1), 167.82 (C5’), 
164.23 (Cq-Barom), 159.99 (Cq-Barom), 151.63 (Cq-indole), 151.20 (Cq-
indole), 142.00 (CHindole), 130.80 (CHB-arom), 130.38 (CHB-arom), 
128.72 (CHindole), 127.13 (CA-1), 121.27 (CHA-arom), 116.56 (Cq-
indole), 115.96 (CHindole), 115.34 (CHA-2.6), 114.85 (CHA-3,5), 96.72 (C2), 56.61 (CH9). IR (NaCl) 
νmax (cm-1) 3275 (NH), 1743 (C=O), 1608 (C=N), 1508, 1494, 1467, 1255, 1175, 1026, 835.  
Synthesis of 3'-(4-chlorophenyl)-5'-phenyl-3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-2-one 
(26i) 
To a round bottom flask, was added 178.7 mg of 30h (0.7 mmol, 2.0 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 49.7 mg of isatin (0.3 mmol, 1.0 equiv) was added and 
after 15 min of stirring, 93.0 µL of TEA (0.7 mmol, 2.0 equiv) was added dropwise. The reaction 
was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL of cold water 
and the organic layer was washed with 15 mL of brine twice. The resulting solution was dried 
with anhydrous sodium sulphate and the solvent was evaporated. The yellow oil was purified by 
flash chromatography, using as eluent gradient n-hexane to n-hexane: ethyl acetate (4:1) to afford, 
after recrystallization, a yellow solid (86.7 mg, 68%). Mp: 134-136ºC. 1H NMR (300 MHz, 
acetone-d6) δ (ppm) 10.08 (br s, 1H, NH), 7.91 (m, 2H, Hindole), 7.52 (m, 5H; Hindole, 4HB-arom), 
 




7.06 (m, 4H, Hindole, 3HA-arom), 6.84 (m, 1H, HA-arom), 6.65 (m, 1H, HA-arom). 13C NMR (75 MHz, 
acetone-d6) δ (ppm) 172.17 (C1), 154.20 (C5’), 145.22 (Cq-indole), 
144.35 (Cq-B), 136.14 (Cq-indole), 134.66 (CHindole), 132.75 (CHindole), 
132.23 (CHA-arom), 130.52 (CHB-arom), 127.93 (CHB-arom), 127.86 
(CHindole), 126.27 (Cq-B), 125.31 (CHindole), 124.82 (CA-1), 121.87 
(CHA-arom), 115.38 (CHA-arom), 113.24(CHA-arom), 113.21(CHA-arom), 
96.57 (C2). IR (NaCl) νmax (cm-1) 3275 (NH), 1743 (C=O), 1656, 
1600 (C=N), 1597, 1543, 1496, 1471, 1433, 1288, 1244, 1201, 1089, 
1008, 929, 883.  
Synthesis of 7-chloro-3',5'-bis(3-chlorophenyl)-3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-2-
one (26j) 
To a round bottom flask, was added 123.7 mg of 30e (0.4 mmol, 2.4 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 35.6 mg of 7-chloroisatin (0.3 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 105.0 µL of TEA (0.8 mmol, 3.8 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The yellow oil was 
purified by flash chromatography, using as eluent gradient n-
hexane to n-hexane: ethyl acetate (4:1) to afford, after 
recrystallization, a yellow solid (35.7 mg, 67%). Mp: 219-220ºC. 
1H NMR (300 MHz, acetone-d6) δ (ppm) 10.48 (s, 1H, NH), 7.88 
(ddd, J = 8.7, 4.6, 1.9 Hz, 2H, HB-arom), 7.65 – 7.50 (m, 3H, 3Hindole), 
7.26 – 7.16 (m, 2H, HB-arom), 7.13 (t, J = 2.1 Hz, 1H, HA-arom), 6.88 
(dd, J = 16.5, 7.9 Hz, 2H, HA-arom), 6.63 (dd, J = 8.3, 2.2 Hz, 1H, 
HA-arom). 13C NMR (75 MHz, acetone-d6) δ (ppm) 171.80 (C1), 153.04 (C5’), 144.75 (Cq-Barom), 
136.31 (Cq-indole), 134.63 (Cq-indole), 134.19 (Cq-7), 132.70 (CHindole), 132.47 (CHB-arom), 130.84 (Cq-
B3), 130.51 (CHindole), 127.79 (CHB-arom), 127.55 (CHB-arom), 126.54 (CHB-arom), 126.41 (CHindole), 
122.68 (Cq-A1), 122.55 (CHA-arom), 118.01 (Cq-A5), 115.81 (CHA-arom). 115.68 (CHA-arom), 113.37 
(CHA-arom), 97.05 (C2). IR (NaCl) νmax (cm-1) 3225 (NH), 1747 (C=O), 1595 (C=N), 1593, 1570, 
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Synthesis of 5'-(3-chlorophenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-2-one 
(26k) 
To a round bottom flask, was added 162.3 mg of 30f (0.6 mmol, 1.6 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 56.6 mg of isatin (0.4 mmol, 1.0 equiv) was added and 
after 15 min of stirring, 75.0 µL of TEA (0.7 mmol, 1.4 equiv) was added dropwise. The reaction 
was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL of cold water 
and the organic layer was washed with 15 mL of brine twice. The resulting solution was dried 
with anhydrous sodium sulphate and the solvent was evaporated. The yellow oil was purified by 
flash chromatography, using as eluent gradient n-hexane to n-hexane: ethyl acetate (7:3) and p-
TLC, using as eluent n-hexane: ethyl acetate (3:2) to afford, after recrystallization, a yellow solid 
(115.4 mg, 80%). Mp: 216-219ºC. 1H NMR (300 MHz, acetone-d6) δ (ppm) 10.0 (br s, 1H, NH), 
8.02 – 7.80 (m, 2H, 2Hindole), 7.62 – 7.48 (m, 4H, 2Hindole, 2HA-arom), 
7.23 – 7.12 (m, 4H, 2HA-arom, 2HB-arom), 7.00 – 6.77 (m, 3H, 3HA-
arom).13C NMR (75 MHz, acetone-d6) δ 172.41 (C1), 152.31 (C5’), 
143.83 (Cq-indole), 135.95 (Cq-Barom), 134.47 (CHB-arom), 132.35 
(CHindole), 132.18 (Cq-indole), 130.74 (CHA-arom), 128.55 (Cq-B3), 127.84 
(CHindole), 127.24 (CHB-arom), 126.08 (CHindole), 125.15 (CHindole), 
122.61 (CHA-arom), 115.60 (CHA-arom), 114.72 (CA-1), 113.14 (CHB-
arom), 97.08 (C2). IR (NaCl) νmax (cm-1) 3280 (NH), 1737 (C=O), 1659, 1619, 1600 (C=N), 1568, 
1493, 1470, 1434, 1293, 1245, 1198, 1092, 923, 883. ESI-MS m/z: 376.2 [M+H]+.  
Synthesis of 7-chloro-3'-(4-chlorophenyl)-5'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26l) 
To a round bottom flask, was added 370.7 mg of 30h (1.4 mmol, 1.9 equiv) which was 
dissolved in 6 mL of dry CH2Cl2. Then, 135.6 mg of 7-chloroisatin (0.7 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 168.0 µL of TEA (1.2 mmol, 2.0 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 10 mL 
of cold water and the organic layer was washed with 30 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The yellow oil was 
purified by flash chromatography, using as eluent gradient n-
hexane to n-hexane: ethyl acetate (3:2) to afford, after 
recrystallization, a yellow solid (209.8 mg, 68%). Mp: 123-125ºC. 
1H NMR (300 MHz, acetone-d6) δ (ppm) 10.14 (br s, 1H, NH), 
7.88 (m, 2H, H-Aarom), 7.77 (d, J = 2.1 Hz, 1H, Hindole), 7.67 (dd, J 
= 8.3, 2.1 Hz, 1H, Hindole), 7.56 (m, 2H, H-Aarom), 7.13 (m, 3H, 
Hindole, H-Barom), 6.78 (m, 3H, H-Barom). 13C NMR (75 MHz, 
 
 




acetone-d6) δ (ppm) 172.10 (C1), 152.72 (C5’), 143.59 (Cq-indole), 137.81 (Cq-Aarom), 137.23 
(CHindole), 130.85 (CHB-arom), 130.76 (CHindole), 130.71 (CHA-arom), 129.38 (CHA-arom), 127.49 (Cq-
indole), 125.26 (Cq-A4), 122.78 (CHB-arom), 116.99 (Cq-7), 115.60 (CHB-arom), 115.13 (CHindole), 114.71 
(CB-1), 96.57 (C2). IR (NaCl) νmax (cm-1) 3273 (NH), 1745 (C=O), 1651, 1599 (C=N), 1489, 1406, 
1373, 1290, 1251, 1190, 1103, 1091, 1016, 1014, 906, 846, 831. ESI-MS m/z: 410.2 [M+H]+.  
Synthesis of 5-chloro-5'-(4-chlorophenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26m) 
To a round bottom flask, was added 312.5 mg of 30b (1.2 mmol, 1.9 equiv) which was 
dissolved in 6 mL of dry CH2Cl2. Then, 115.8 mg of 5-chloroisatin (0.6 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 168.0 µL of TEA (1.2 mmol, 1.9 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 10 mL 
of cold water and the organic layer was washed with 30 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The yellow oil was 
purified by flash chromatography, using as eluent gradient n-hexane to n-hexane: ethyl acetate 
(3:2) to afford, after recrystallization, a yellow solid (167.2 mg, 68%). Mp: 130-131ºC. 1H NMR 
(300 MHz, acetone-d6) δ (ppm) 10.14 (br s, 1H, NH), 7.89 (d, J = 8.7 Hz, 2H, H-Barom), 7.65 (d, 
J = 2.1 Hz, 1H, Hindole), 7.56 (m, 2H, H-Barom), 7.53 (d, J = 2.2 Hz, 1H, Hindole), 7.17 (m, 3H, 
Hindole, H-Aarom), 6.78 (m, 3H, H-Aarom). 13C NMR (75 MHz, 
acetone-d6) δ (ppm)172.26 (C1), 152.72 (C5’), 143.74 (Cq-indole), 
143.15 (Cq-indole), 137.82 (Cq-B), 134.33 (CHindole), 130.85 (CHA-
arom), 130.72 (CHB-arom), 129.87 (Cq-indole), 129.39 (CHB-arom), 127.98 
(CHindole), 127.14 (CA-1), 125.26 (Cq-B4), 122.78 (CHA-arom), 115.62 
(CHA-arom), 114.70 (CHindole), 96.65 (C2). IR (NaCl) νmax (cm-1) 
3275 (NH), 1743 (C=O), 1599 (C=N), 1489, 1406, 1373, 1253, 
1249, 1199, 1093, 1091, 1012, 839, 831. ESI-MS m/z: 410.2 [M+H]+.  
 




To a round bottom flask, was added 361.8 mg of 30a (1.4 mmol, 2.2 equiv) which was 
dissolved in 6 mL of dry CH2CL2. Then, 111.3 mg of 5-chloroisatin (0.6 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 168.0 µL of TEA (1.2 mmol, 2.0 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 10 mL 
of cold water and the organic layer was washed with 30 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The yellow oil was 
purified by flash chromatography, using as eluent gradient n-hexane to n-hexane: ethyl acetate 
(4:1) to afford, after recrystallization, a yellow solid (160.3 mg, 64%). Mp: 209-210ºC. 1H NMR 
(300 MHz, acetone-d6) δ (ppm) 10.18 (br s, 1H, NH), 7.91 (dd, J 
= 7.7, 1.9 Hz, 2H, H-Barom), 7.68 (d, J = 2.1 Hz, 1H, Hindole), 7.51 
(m, 4H, H-Barom, Hindole), 7.15 (m, 2H, Hindole, H-Aarom), 7.09 (t, J 
= 2.1 Hz, 1H, H-Aarom), 6.86 (ddd, J = 8.2, 1.9, 0.7 Hz, 1H, H-
A2), 6.64 (ddd, J = 8.3, 2.2, 0.6 Hz, 1H, H-Aarom). 13C NMR (75 
MHz, acetone-d6) δ (ppm) 171.96 (C1), 155.23 (C5’), 145.06 (Cq-
A), 143.15 (Cq-A), 136.28 (CHB-1), 134.57 (CHindole), 132.36 
(CHindole), 130.54 (CHB-arom), 130.10 (Cq-indole), 128.04 (CHB-arom), 126.17 (Cq-indole), 126.17 (Cq-
indole), 122.21 (CHA-arom), 115.61 (CHA-arom), 114.81 (CHA-arom), 113.30 (CHA-arom), 96.28 (C2). IR 
(NaCl) νmax (cm-1) 3271 (NH), 1743 (C=O), 1593 (C=N), 1481, 1448, 1376, 1313, 1265, 1201, 
1141, 1097, 1068, 1024, 821. ESI-MS m/z: 410.2 [M+H]+.  
Synthesis of 7-chloro-3'-(3-chlorophenyl)-5'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26o) 
To a round bottom flask, was added 96.9 mg of 30a (0.4 mmol, 2.3 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 29.4 mg of 7-chloroisatin 
(0.2 mmol, 1.0 equiv) was added and after 15 min of stirring, 44.0 
µL of TEA (0.3 mmol, 2.0 equiv) was added dropwise. The 
reaction was stirred overnight under N2 atmosphere. The reaction 
was quenched with 5 mL of cold water and the organic layer was 
washed with 15 mL of brine twice. The resulting solution was dried 
with anhydrous sodium sulphate and the solvent was evaporated. 
The yellow oil was purified by preparative TLC, using as eluent n-hexane: ethyl acetate (8:2) to 
afford, after recrystallization, a yellow solid (45.4 mg, 68%). Mp: 205-207ºC. 1H NMR (300 
MHz, acetone-d6) δ (ppm) 10.43 (br s, 1H, NH), 7.91 (dd, J = 7.8, 1.8 Hz, 2H, H-Barom), 7.55 (m, 
5H, Hindole, H-Barom), 7.18 (dd, J = 7.9, 3.0 Hz, 1H, Hindole), 7.15 (br s, 1H, H-Aarom), 7.10 (t, J = 
 
 




2.1 Hz, 1H, H-Aarom), 6.87 (dd, J = 7.9, 1.9 Hz, 1H, H-Aarom), 6.61 (dd, J = 8.3, 1.5 Hz, 1H, H-
Aarom). 13C NMR (75 MHz, acetone-d6) δ (ppm) 172.04 (C1), 154.29 (C5’), 145.10 (Cq-Aarom), 
136.30 (Cq-indole), 134.51 (CHindole), 132.90 (CHB-arom), 132.40 (CHindole), 130.58 (CHB-arom), 128.04 
(CHB-arom), 126.69 (Cq-Aarom), 126.55 (CHA-arom), 126.45 (CHA-arom), 126.11 (Cq-indole), 122.30 (CHA-
arom), 118.00 (Cq-indole), 115.77 (CHA-arom), 113.36 (CHA-arom), 96.83 (C2). IR (NaCl) νmax (cm-1) 
3381 (NH), 1747 (C=O), 1622, 1595 (C=N), 1593, 1475, 1450, 1373, 1302, 1263, 1186, 1145, 
1066, 1060, 1024. ESI-MS m/z: 410.2 [M+H]+.  
Synthesis of 7-chloro-5'-(4-chlorophenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26p) 
To a round bottom flask, was added 168.3 mg of 30b (0.6 mmol, 2.0 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 57.0 mg of 7-chloroisatin (0.3 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 86.0 µL of TEA (0.6 mmol, 2.0 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The yellow oil was 
purified by flash chromatography, using as eluent gradient n-hexane to n-hexane: ethyl acetate 
(7:3) to afford, after recrystallization, a yellow solid (85.8 mg, 67%). Mp: 229-231ºC. 1H NMR 
(300 MHz, acetone-d6) δ (ppm) 10.44 (br s, 1H, NH), 7.88 (d, J = 
8.5 Hz, 2H, 2HB-arom) 7.51 (m, 4H, 2HAarom, 2Hindole), 7.16 (m, 3H, 
2HB-arom, Hindole), 6.84 (m, 3H, 3HA-arom). 13C NMR (75 MHz, 
acetone-d6) δ (ppm) 172.34 (C1), 152.76 (C5’), 143.75 (Cq-indole), 
141.99(Cq-indole), 137.87 (Cq-indole), 134.28 (CHindole), 130.86 (CH-
indole), 130.75 (CHA-arom), 129.37 (CHB-arom), 127.09 (Cq-B1), 126.36 
(CHB-arom), 125.18 (Cq-A1), 122.85 (CHA-arom), 117.83 (Cq-B4), 
115.72 (CHA-arom), 97.18 (C2). IR (NaCl) νmax (cm-1) 3227 (NH), 
1747 (C=O), 1620, 1599 (C=N), 1489, 1149, 1143, 1089, 1055, 1012, 833. ESI-MS m/z: 410.2 
[M+H]+.  
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Synthesis of 3'-(3-chlorophenyl)-5'-phenyl-3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-2-one 
(2q) 
To a round bottom flask, was added 308.0 mg of 30a (1.2 mmol, 3.3 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 51.9 mg of isatin (0.4 mmol, 1.0 equiv) was added and 
after 19 min of stirring, 150.0 µL of TEA (1.1 mmol, 3.1 equiv) was added dropwise. The reaction 
was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL of cold water 
and the organic layer was washed with 15 mL of brine twice. The resulting solution was dried 
with anhydrous sodium sulphate and the solvent was evaporated to obtain, after recrystallization, 
a yellow solid which was purified by flash chromatography, using as eluent gradient n-hexane to 
n-hexane: ethyl acetate (8:2) to afford, after recrystallization, a yellow solid (115.4 mg, 87%). 
Mp: 216-217ºC. 1H NMR (300 MHz, acetone-d6) δ (ppm) 10.08 (br s, 1H, NH), 7.90 (d, J = 5.0 
Hz, 2H, H-Barom), 7.51 (m, 5H, 2Hindole, 3H-Barom), 7.12 (m, 3H, 
2Hindole, H-Aarom), 7.05 (br s, 1H, H-Aarom), 6.83 (d, J = 7.7 Hz, 1H, 
H-Aarom), 6.63 (d, J = 7.8 Hz, 1H, H-Aarom). 13C NMR (75 MHz, 
acetone-d6) δ (ppm) 171.44 (C1), 155.39 (C5’), 144.49 (Cq-indole), 
143.62 (Cq-indole), 135.90 (Cq-1), 133.94 (CB-1), 132.402 (CHBarom), 
131.52 (CHindole), 129.80 (CHB-arom), 127.20 (CHB-arom), 127.13 
(CHindole), 125.53 (CA-5), 124.59 (CHindole), 121.14 (CHA-arom), 
114.64 (CHA-arom), 112.47 (CHA-arom), 97.82 (C2). IR (NaCl) νmax (cm-1) 3257 (NH), 1741 (C=O), 
1622, 1593 (C=N), 1483, 1450, 1273, 1201, 1089,1021, 945, 860. ESI-MS m/z: 376.2 [M+H]+.  
Synthesis of 5-chloro-5'-(4-methoxyphenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26r) 
To a round bottom flask, was added 161.9 mg of 30d (0.6 mmol, 1.9 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 59.1 mg of 5-chloroisatin (0.3 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 84.0 µL of TEA (0.6 mmol, 1.9 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The brown oil was 
purified by flash chromatography, using as eluent gradient n-
hexane to n-hexane: ethyl acetate (7:3) to afford, after 
recrystallization, a yellow solid (82.2 mg, 63%). Mp: 156-
157ºC. 1H NMR (300 MHz, acetone-d6) δ (ppm) 7.99 (d, J = 
8.8 Hz, 2H, 2HB-arom), 7.66 – 7.60 (m, 1H, Hindole), 7.55 (s, 1H, 
Hindole), 7.22 – 7.12 (m, 2H, 2HB-arom), 7.07 (dd, J = 13.8, 5.0 
Hz, 3H, HA-arom, Hindole), 6.95 (d, J = 7.7 Hz, 2H, 2HA-arom), 6.79 
 
 




(t, J = 7.3 Hz, 1H, HA-arom), 3.89 (s, 3H, H9). 13C NMR (75 MHz, acetone-d6) δ 184.69 (C2), 
167.48 (C5’), 164.17 (Cq-indole), 151.63 (Cq-Barom), 150.91 (Cq-Barom), 139.11 (CHindole), 130.76 (CHB-
arom), 130.36 (CHB-arom), 129.46 (Cq-indole), 127.04 (Cq-indole), 125.79 (CHindole), 121.16 (CHA-arom), 
120.90 (CA-1), 115.57 (CHindole), 115.28 (CHA-arom), 114.71 (CHA-arom), 96.65 (C2), 56.57 (CH3-B9). 
IR (NaCl) νmax (cm-1) 2419 (NH), 1743 (C=O), 1608, 1604 (C=N), 1494, 1303, 1251, 1174, 1026, 
896, 842.  
Synthesis of 7-chloro-5'-(4-methoxyphenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-
[1,3,4]oxadiazol]-2-one (26s) 
To a round bottom flask, was added 171.1 mg of 30d (0.7 mmol, 2.0 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 59.7 mg of 7-chloroisatin (0.3 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 86.0 µL of TEA (0.6 mmol, 1.9 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The obtained oil was 
purified by flash chromatography, using as eluent gradient n-hexane to n-hexane: ethyl acetate 
(7:3) to afford, after recrystallization, a yellow solid (48.6 mg, 53%). Mp: 213-215ºC. 1H NMR 
(300 MHz, acetone-d6) δ 10.28 (s, 1H, NH), 7.86 – 7.80 (m, 2H, HB-
arom), 7.69 (dd, J = 8.1, 1.1 Hz, 1H, Hindole), 7.55 (ddd, J = 7.5, 3.1, 
1.1 Hz, 1H, Hindole), 7.49 (dd, J = 7.5, 1.1 Hz, 1H, Hindole), 7.21 – 7.14 
(m, 2H, HB-arom), 7.11 – 7.05 (m, 2H, HA-arom), 6.91 – 6.81 (m, 2H, 
HA-arom, HA-arom), 3.90 (s, 3H, 3HB9). 13C NMR (75 MHz, acetone-d6) 
δ 171.76 (C1), 163.68 (Cq-Barom), 153.68 (C5’), 144.32 (Cq-indole), 
139.25 (CHindole), 134.09 (CHindole), 130.78 (CHB-arom), 129.65 (CHB-
arom), 127.54 (Cq-Barom), 126.28 (CHindole), 125.68 (Cq-indole), 124.72 
(Cq-indole), 122.48 (CHA-arom), 118.76 (Cq-Aarom), 117.79 (Cq-7)115.98 (CHA-arom), 115.74 (CHA-arom), 
96.74 (C2), 56.67 (CH3-B9). IR (NaCl) νmax (cm-1) 3419 (NH), 1743 (C=O), 1643, 1604 (C=N), 
1494, 1265, 1251, 1174, 1026, 900, 846. ESI-MS m/z: 406.2 [M+H]+.  
Synthesis of 5'-(4-methoxyphenyl)-3'-phenyl-3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-2-one 
(26t) 
To a round bottom flask, was added 192.6 mg of 30d (0.7 mmol, 1.9 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 57.1 mg of isatin (0.4 mmol, 1.0 equiv) was added and 
after 15 min of stirring, 86.0 µL of TEA (0.6 mmol, 1.9 equiv) was added dropwise. The reaction 
was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL of cold water 
and the organic layer was washed with 15 mL of brine twice. The resulting solution was dried 
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with anhydrous sodium sulphate and the solvent was evaporated. 
The obtained oil was purified by flash chromatography, using as 
eluent gradient n-hexane to n-hexane: ethyl acetate (7:3) to afford, 
after recrystallization, a yellow solid (38.2 mg, 42%). Mp: 224-
226ºC 1H NMR (300 MHz, acetone-d6) δ 9.89 (s, 1H, NH), 7.87 – 
7.81 (m, 2H, 2HB-arom), 7.53 – 7.46 (m, 2H, 2Hindole), 7.19 – 7.02 (m, 
6H, 2HA-arom, 2HB-arom, 2Hindole), 6.91 – 6.77 (m, 3H, 3HA-arom), 3.89 
(s, 3H, HB-7). 13C NMR (75 MHz, acetone-d6) δ 172.81 (C1), 163.57 (C5’), 153.64 (Cq-Barom), 
144.42 (Cq-indole), 134.22 (CHindole), 130.64 (CHB-arom), 129.57 (CHB-arom), 127.72 (CHindole), 125.73 
(Cq-Barom), 125.05 (CHindole), 122.09 (CHA-arom), 119.03 (Cq-indole), 115.94 (CHA-arom), 115.55 (CHA-
arom), 115.33 (CA-1), 113.04 (CHindole), 96.65 (C2), 56.65 (CH3-B7). IR (NaCl) νmax (cm-1) 3419 
(NH), 1743 (C=O), 1606 (C=N), 1498, 1257, 1197, 1142, 1122, 1084, 1022, 837. ESI-MS m/z: 




To a round bottom flask, was added 140.4 mg of 30i (0.7 mmol, 2.2 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 67.1 mg of 5-bromoisatin (0.3 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 84.0 µL of TEA (0.6 mmol, 2.0 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of brine twice. The resulting solution 
was dried with anhydrous sodium sulphate and the solvent was evaporated. The obtained oil was 
purified by flash chromatography, using as eluent n-hexane: ethyl acetate (7:3) to afford, after 
recrystallization, a yellow solid (107.2 mg, 90%). Mp: 210-212ºC. 1H NMR (300 MHz, acetone-
d6) δ (ppm) 9.83 (s, 1H, NH), 7.67 – 7.50 (m, 2H, Hindole), 7.45 
– 7.23 (m, 2H, Hindole, HA-arom), 7.19 – 6.98 (m, 2H, 2HA-arom), 
6.91 – 6.69 (m, 2H, 2HA-arom), 1.35 – 1.21 (m, 9H, 9H10). 13C 
NMR (75 MHz, acetone-d6) δ 170.44 (C1), 154.35 (C5’), 144.75 
(Cq-indole), 136.82 (CHindole), 136.20 (CHindole), 130.32 (CHA-arom), 
127.30 (CHíndole), 121.91 (Cq-indole), 121.56 (CHA-arom), 116.78 
(Cq-indole), 116.17 (Cq-Aarom), 115.52 (CHA-arom), 114.93 (CHA-arom), 96.19 (C2), 39.66 (C9), 28.35 
(CH3-10). IR (NaCl) νmax (cm-1) 3275 (NH), 2970 (alkyl CH), 1743 (C=O), 1658, 1599 (C=N), 
1562, 1500, 1452, 1288, 1203, 1145, 1093, 937, 875, 825.  
 
 






To a round bottom flask, was added 143.8 mg of 30i (0.7 mmol, 2.2 equiv) which was 
dissolved in 3 mL of dry CH2Cl2. Then, 55.3 mg of 6-chloroisatin (0.3 mmol, 1.0 equiv) was 
added and after 15 min of stirring, 84.0 µL of TEA (0.6 mmol, 2.0 equiv) was added dropwise. 
The reaction was stirred overnight under N2 atmosphere. The reaction was quenched with 5 mL 
of cold water and the organic layer was washed with 15 mL of 
brine twice. The resulting solution was dried with anhydrous 
sodium sulphate and the solvent was evaporated. The obtained 
oil was purified by flash chromatography, using as eluent 
gradient n-hexane to n-hexane: ethyl acetate (4:1). to afford, 
after recrystallization, a yellow solid (93.0 mg, 86%). Mp: 222-
223ºC. 1H NMR (300 MHz, acetone-d6) δ (ppm) 9.85 (d, J = 12.7 Hz, 1H, NH), 7.56 (m, 1H, 
H7), 7.06 (m, 4H, HA-arom), 6.73 (m, 3H, 2Hindole, HA-arom), 1.23 (m, 9H, 9H10). 13C NMR (75 MHz, 
acetone-d6) δ (ppm) 171.71 (C1), 155.95(C5’), 138.33 (Cq-indole), 130.40 (CqA-arom), 130.10 (CHA-
arom), 130.02 (CHA-arom), 128.98, 125.58 (CHindole), 124.47 (CHindole), 121.84 (Cq-indole), 121.51(Cq-
indole), 119.99 (CHindole), 116.25 (CHA-arom), 93.14 (C2), 39.65 (C9)28.26 (C10). IR (NaCl) νmax (cm-
1) 3219 (NH), 2970 (alkyl CH), 1747 (C=O), 1662, 1599 (C=N), 1556, 1502, 1446, 1369, 1288, 
1199, 1145, 1091, 1072, 1019, 914, 879, 812.  
Synthesis of 5-bromo-3',5'-diphenyl-3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-2-one (26w) 
To a round bottom flask, was added 51.0 mg of 30g (0.2 mmol, 2.0 equiv) which was dissolved 
in 6 mL of dry CH2CL2. Then, 25.0 mg of 5-bromoisatin (0.1 mmol, 1.0 equiv) was added and 
after 15 min of stirring, 15.4 µL of TEA (0.2 mmol, 2.0 equiv) was added dropwise. The reaction 
was stirred overnight under N2 atmosphere. The reaction was quenched with 10 mL of cold water 
and the organic layer was washed with 30 mL of brine twice. The resulting solution was dried 
with anhydrous sodium sulphate and the solvent was evaporated. The obtained oil was purified 
by flash chromatography using a n-hexane: ethyl acetate (3:2) as eluent to obtain, after 
recrystallization, a yellow solid (31.1mg, 67%). The NMR is in accordance with the one described 
in the literature.[18] 
6.1.5. General procedure for the microwave-assisted synthesis of spirooxadiazoline 
oxindoles 26  
In a microwave vessel, the 5-bromoisatin (2.0 equiv) was added with the hydrazones 30a-g 
(1.0 equiv) and the vessel was introduced to the microwave. The reactions were tested from 90ºC 
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to 180ºC, the power and the pressure were set at maximum 300 W and 300 bar, respectively. After 
cooling, the reaction was quenched with cold water and the organic layer was extracted with brine 
twice. The organic layer was concentrated and purified by flash chromatography.  
6.2. Biology 
6.2.1. Anti-proliferative assays 
In breast cancer cell lines, cytotoxicity was assessed using 3-(4,5-dimethyl-2-thiazolyl)- 2,5-
diphenyl-2H-tetrazolium bromide (MTT), a yellow, water soluble tetrazolium dye that is 
converted by mitochondrial dehydrogenases in viable cells to a water-insoluble, purple 
formazan.[89, 94] The day before experiments cells obtained from the American Type Culture 
Collection HEK 293T – human embryonic kidney epithelial cell line (ATCC HBT-22TM) were 
seeded at 2x104 cells per well in 96 well tissue culture plates, in 100 µl of RPMI 1640 culture 
medium supplemented with 10% fetal bovine serum, 100 units of penicillin G (sodium salt), 
100 µg of streptomycin sulfate and 2 mM of L-glutamine, at a concentration that allows cells to 
grow exponentially during the assay.  
Tested compounds were dissolved in dimethyl sulfoxide (DMSO) serially diluted in the culture 
medium and added to the cells. The final concentration of DMSO in culture medium during 
treatment did not exceed 0.5% (v/v), and the same concentration of DMSO was added to the 
control. Each compound concentration was tested in triplicate in a single experiment which was 
repeated at least 3 times, controls contained equivalent concentrations of DMSO. Doxorubicin 
was used as positive control at concentration of 4 µM. Cells were incubated at 37ºC in humidified 
5% CO2 atmosphere. After 48 h, cell media was removed and replaced with fresh medium 
containing the MTT dye at 0.5mg/mL and after 3 h of incubation, the media was removed and 
intracellular formazan crystals were solubilized and extracted with 100 µL of DMSO. After 15 
minutes, at room temperature, absorbance was measured at 570 nm in a microplate reader 
(FLUOstar Omega, BMG Labtech, Germany) and the percentage of viable cells was determined 
for each compound concentration as described previously.[14] IC50s were determined by non-
linear regression using GraphPad PRISM software. Statistical analysis of the experimental data 
was performed by applying one-way ANOVA tests using the software package GraphPad 
PRISM. Differences were considered to be significant when P < 0.05. 
6.2.2. P. falciparum assays 
The screening against Plasmodium falciparum CQ-resistant and sensitive strains were 
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